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THE TRANSFORMED CATENARY AS A FIGURE FOR ARCHES
IN STONE OR METAL.*

By WILLIAM HY. BOOTH, of Flixton, near Manchester.

Written for Van Nostrand's Magazine.

The mathematical curve known as the
catenary is the curve formed by a chain,

or cord of uniform section throughout,
loaded only with its own weight.

The transformed catenary, as used for

the figure of an arch, is derived from the
common catenary by parallel projection,

and Rankine thus describes its peculiar

properties as distinguished from the com-
mon catenary

:

" The common catenary is the curve of

equilibrium for a chain supporting a load
which, whether arising from its own
weight or from other weights also, is

proportional upon any given arc AB of

the chain to the area enclosed between
that arc, the two ordinates AO, BX, and
the directrix OX, which is at a depth m
below the vertex, the intensity of the load
at any point B being proportional to the
ordinate ?/=BX."

Rankine then goes on to say that the
load on the chain may be assumed to

consist of an uniformly thick sheet of a
homogeneous substance which, upon the
arc AB would have the dimensions AO
XB, and, calling the weight of an unit of

area =iv, he gives the horizonal tension
at A=«om 2

, m being the parameter of the
curve =OA. Looking at Fig. 1, and
supposing a curve ab made so that,

whilst the horizontal abscissae are kept

* The calculations in this paper are not absolutely
accurate, but sufficiently so for practical purposes.
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the same, the vertical ordinates] are'all

proportionately altered, so that OA : Oa
: : XB : X&, and denoting the vertical

distance Oa by y , and X6 by y„ and
putting y for XB we get m : y : : y : y

1

.

Then, ender these suppositions, Ran-
kine defines the transformed catenary to

be the form of equilibrium for a chain, so

loaded that the weight upon any arc ab

is proportional to the area Oab~S. ; the

intensity of load at any point b being

proportionate to the ordinate X6, all the

vertical forces thus being altered in the

ratio y : m, and the horizontal forces re-

maining the same. The following equa-

tions are then given, upon which calcula-

tions may be based

:

H the horizontal tension at a=to»ns
, as

in the catenary.

Intensity of load at

-icy
«"/.

l&tn "T <-' m I

x being the abscissa OX and e v. and e ~„:

being the Naperian anti-logaiithm of—O i. o m
and the reciprocal which require a table

of hyperbolic logarithms in using : but

the following formula may be used in-

stead :
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g m 10 •4343 m and e - m=
10

.4343 x

The load between

n 7 _. zcmv. / * _ j? \
a and 6=P=—^ ( e »i— e ™

J

The tension at b= VP' +H 2

The principal use of the transformed
catenary, says Rankine, is as a figure for

arches, the curve being inverted, and
tensions becoming thrusts. Such an
arch is suited to sustain vertical loads of

an intensity proportionate to the vertical

ordinate at each point, the intrados being
formed to the curve of equilibrium, and
the extrados of the arch may be either a
horizontal line or another transformed
catenary. If horizonal, it necessarily co-

incides with the directrix OX. It is

very certain that the majority of arches,

in stone especially, that have ever been
constructed are not of the form of an
arch of equilibrium. Circular arcs have
almost wholly been employed for such
arches as do not approximate to the hy-
drostatic arch, i. e., elliptical arches. No
doubt the thickness of the arch-rings of

most arches is so great that a curve of

equilibrium may be drawn within the
ring, and at a safe distance within it,

probably within the middle third of the
thickness, as recommended by Rankine,
i. e., of course for arches not exceeding
120°. It is by no means, however, to be
taken for granted, even if the curve of

equilibrium do fall outside the theoreti-

cal safe limit, that " the stability of such
arches is either now precarious, or must
have been precarious while the mortar was
fresh," as Rankine has stated. If arches

consisted only of the arch-ring, pure and
simple, this would no doubt hold good,
but before the centering is struck it is

usual to build in the backing, oftentimes,

too, level with the crown of the arch, or to

fill in the spandrils with a sufficiency of

walling well bound in with the arch-ring

proper, thus preventing any movement
of the arch, either towards collapse in-

wards or bursting outwards ; and an
arch thus well built would stand without
the arch-ring proper, which is but a por-

tion of a well-connected whole, and may
be said to be the arch proper by courtesy
alone.

It is, however, always more satisfac-

tory to the engineer to know that the
structures he designs contain within
themselves the elements of stability apart
from the stability which springs from
the faithful execution of the work of the
mason or bricklayer, or the use of the

best metal ; and it is probable that the

use of the inverted transformed catenary

would have been more common if the

mode of making the necessary calcula-

tions had been explained by Rankine
more clearly than has been the case. It

appears to the writer that the work of

Rankine has been to grasp the natural

laws bearing on the general subject of

engineering, and formulate the same
without making any attempt to elucidate

the valuable information for the benefit

of the more immediately practical man.
Rankine's works want translating into a

simpler form for daily use; the absolutely

needful grain requires extracting from
the mathematical envelope which, how-
ever interesting to the mere student of

form, is worthless as an aid for the ma-
jority of our constructing engineers.

Let us then, by taking an example, en-

deavor to show how the transformed
catenary may be found for a given arch.

In practice, when an arch is to be built,

it is probable that two levels would be
given from which little or no deviation

could be allowed.. These two would be
the roadway surface over the crown of

the arch and the points of springing. To
determine a curve a third point would be
required—the vertex of the arch, i. e., the

distance of the intrados at the crown
from the road surface or Oct. (Fig. 1.)

Knowing these three points we should

require, in order to find the form of the

transformed catenary, the modulus, or

parameter m, of the catenarian curve

from which our arch is to be transformed

by alteration of the vertical ordinates.

Calling, as before, y = Oa, the depth

of crown below the horizonal ox, and y x

the ordinate, ~K.b at the point of support

b distant x=OX= the half span of the

bridge from the vertex a, we have,

M= X

^MlWf;-
(1)

and knowing the modulus m, we may
then calculate readily our different

stresses, &c.

Let us take as our data a stone arch of
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Fig. I

180 feet span; then half span—^= 90.

Let the height ~Kb (Fig. 1) be assumed
to be 42 feet ; then, ^=42.

Taking, then, a thickness of 6 feet for

the arch-ring, ballasting and roadway, we
get 42 — 6= 36 feet as the rise of the arch,

and ya
is thus 6. Tabulating these data,

we have,

aj1=90=OX, (Fig. 1.)

2/1=42=5X,

y = 6=CK
and we have to find m=OA (Fig. 1) from
the formula (1), in which, substituting
the numerical values of the signs, we
have

M= 9°

, , /42 /1764 36 \

90

(hyp. log. (7 + 6.9282)

90

~~hyp. log. 13.9282

The hyp. log. of 13.9282 may be
found from the common logarithm, which
is 1.143895, in the usual way. It will be
found to be 2.6339 ; substituting this in

90
the equation gives m= =31.16 ft.

Thus, without any previous knowledge
of the catenarian curve, the modulus may
be found by simply knowing the span of

an arch, the height from the springing of

the intrados to the roadway, and the
depth of arch-ring and loading at the
crown, the formula (1) giving the result
without difficulty.

So far, however, we have three points
only in the intrados, namely, the crown
and the two springings ; the curve of the
arch requires calculating, and this must

be done by finding the vertical ordinates

y, &c, corresponding to their respective

abscissae x, &c, which latter may be fixed

upon at will.

The formula for calculating the verti-

cal ordinate y for any horizontal distance

x from the crown is

v I 1 _ "L \ , i .
«

y=-jfle m +e ml the quantities e m

X
and e ~ m having the values already stated.

By fixing certain values to the quantity
x
- a table may be readily calculated from

which the corresponding ordinates yroay
be found for any catenarian curve what-
soever, thus saving the labor of constant-

ly working out the last equation. Such

a table Rankine gives for values of —m
from 0, which corresponds with the vertex

to 3.0, beyond which few arches, in stone

at least, are found to extend. A similar

table, calculated by the writer, is given
x

herewith, extending to—=4

To calculate the vertical ordinates for

plotting upon the drawing of the arch

(Fig. 2) set down anv values of— in am
column as below.

In the next column from the known
value of ??i=34.16, place the value of .<%

which set off on the drawing, as shown
from the middle ordinate y . In the

third column, headed—
,
place these va-

lues as found from Table I., and y being
chosen in this case as 6 feet, set down in

the fourth column the tabular number
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from the third column multiplied by 6.

The results will then be the values of the

vertical ordinates which are then to be
set off on the drawing at their respective

distances x from the vertex.

Table II.

Data foe Case under Consideration.

m ==34.16. y = 6

Abscissas. Ordinates.

If —= .2 thenar=6.832 and 2-= 1.02.-.2/=6.12m Vo
A " 13.664 " 1.081 " 6.486
.6

n 20.496 " 1.1854" 7.1124
.8

" 27.328 " 1.3373" 8.0238
1.0 (C 34.16 1.5431" 9.2586
1.2 (I 40.992 " 1.8106"10.8636
1.4 " 47.824 " 2. 1509 "12. 9054
1.6 -' 54.656 " 2.5774"15.4644
1.8 " 61.488 " 3.1074"18.6444
2.0 11 68.32 3.7622"22.5732
2.2 a 75.152 " 4.5679"27.4074
2.4 (i 81.984 " 5.5569"33.3414
2.6 a 88.816 " 6.769 "40.614

Half span :=90.000 " 7.000 "42.000

The correctness of the calculations

and plotting is readily judged by the ac-

curacy with which the curve drawn
through the points thus formed comes
in with the originally chosen ordinate y i

at the springing. If the curve does not
come in fair it is proof of error in either
the plotting or the calculations, which
must be corrected.

If we assume that the thickness of
the arch stones at the crown is to be 4 feet,

there would remain a depth of 2 feet

below the directrix or road surface
which may be occupied by walling mere-
ly. As a matter of fact, in practice such
a slight depth as this would require to
be wholly solid, as the material for the
roadbed would need at least this depth

;

but the writer purposely chose the di-

mension 0« (Fig. 1) as only 6 feet, in
order that this point in designing might
be made clearer, and for a further consid-
eration afterwards to appear. If the
whole thickness of crown, 6 feet, was
filled solid with masonry, it would be
necessary to fill the whole of the span-
drills of the arch also solid to the road
surface, in order that the weight of every
portion of the area aOXZ> (Fig. 1) might
be properly proportioned to the portion
of the arch sustaining it ; and, therefore,

to comply with these conditions, we will

assume that the arch crown is solid for
a thickness of 4 feet only, the remainder
being walled. In order, then, that the

arch may every where be subjected to the
correct loading, we must set off down-
wards on each ordinate yy, &c, a dis-

tance equal to
f-

of the distance from the
directrix or road surface to the intrados
of the arch. A curve KK drawn through
the points thus found is then the bound-
ary up to which the solid backing of the
arch must be carried, the upper third of

the ordinates being, as at the crown, par-

tially filled by a serie3 of walls, upon
which rests the roadway, which in the
present case we will suppose to be of

no weight to suit our otherwise incor-

rectly chosen dimensions. It may be
added here that to correct the fault of

too small a thickness at the crown, a

higher roadway might have been taken.

or a less rise to the arch, so that Oa
should have been, say, 10 feet. If the
roadway had been raised at the crown
the extrados of the arch, in place of co-

inciding with the directrix as now chosen,

might have been, as Rankine states,

•'another transformed catenary having
the same directrix." Such, in fact is the

extrados of the solid backing in the figure

(Fig. 2).

Assuming 120 lbs. per cube foot as the
average weight of our arch and load as

arranged, § solid and J in walls and
voids, we may calculate the thrust at the

crown H, and springing H
x

. These are,

by definition, the same as in the catenary
of origin, namely, H=?o;?z.

2
.

m2=34.16 2= 1166.9,

.
•

. H=140028 lbs.

The thrust along the arch at the
springing can only be known when the
load P on the half arch is known.

half the spanNow x at the springing

or 90 feet. Therefore

P=120x34.16x6

e
m=10

horz. 10= 1

Then

2

.4343-

(e m —e m)

90X-4343
:

34.16
: 1.144

anti log. of 1.144=13.932 and

the reciprocal =.072.
13.932
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.-. t£-e~^=\ (13.932-.072)= 13.S6

.-. P= 12297.6 lbs. x 13.86=170445.

Then the thrust along the arch at the
springing

=H
1
= V/PT+H3

Log. P 2= .46316, &c. .-. P 2=29050, &c.

Log. H 2=.292429, &c. .-. W= 19608, &c.

Sum, 48658, &c.

K Thrust at crown

(3)

and a/48658, &c. = 220590=H
1

Thus -a-'^-iinnoc; [-pounds compressive

strain on each foot of breadth of arch, or
11669 and 18382 lbs. per inch of breadth.

With a factor of safety 10, and assum-
ing 10,000 as crushing strain, the above
is equivalent to about 11^ and 18^ inches
respectively for depth of arch-ring as a
minimum.
The least thickness, according to the

empirical formula, usually adopted for

keystone dimensions, is t — \/.Vm and

this is greater than the mere crushing
strain. If we assume that the arch is

circular the radius of the crown R will be
with a chord of 180 feet=2#, and a

versed sine or rise of 36 feet=y, thus ex-

pressed,

R=*(— + «)=130 ft. 6 in.

Under this assumption the depth t of

the keystone A/.12R would be yl5.66,
or 3ft. lOfin.—practically 4 feet. Actu-
ally, however, the crown radius of the
catenarian arch is greater than the radius
of a circular arch of same span and rise

as shown in Fig. 2 where the circular

arch is in dotted line.

Taking the catenarian crown radius as

— we have R=194.5, and t, therefore,
y
becomes i= ^23.34, or say 4ft. 10in., be-
ing almost exactly five times the calcu-

lated strength to resist crushing, and the
springing depth on the same assumption
must be 18£in.x5, or 7ft. 8in. To ascer-

tain if the line of pressures falls within
the middle third of the thickness of the
arch-ring we take f of the depth of

crown=38§in., and K=J the arch thick-

ness at the springing. Then

38f Thrust at springing

=.6363 .-. K=24i inches,

which shows that the depth of arch-ring

at the springing must be 6 feet only, and
the factor of safety is therefore less than
at the crown but still largely in excess.

The condition is therefore fulfilled, and
the arch stable with these dimensions.*

It is clear, by inspection of Fig. 2, that

at the point a a circular arch falls within

the true curve, and though this is not ap-

parently the case to an unsafe extent, it

appears to show at least a tendency to

crush inwards at the haunches. It should
not, however, be overlooked that as all

arches on settling, after removal of the
centerings, come down somewhat at the

crown, and that in practice the extreme
flatness of the true curve would be well

modified, the form of the centerings lying

somewhere between the true curve and
the circular arc, so that after settlement

has taken place the arch may be correct.

It would appear, also, that when the
circular form is adhered to, the spandril

filling may be lighter than for the ideal

arch, so that the flatness about the

haunches (at a) may be compensated by
a corresponding reduction in the intens-

ity of the pressure, and this may readily

be accomplished by the thinning of the
walls.

In the case illustrated with the dimen-
sions as purposely chosen to extend this

point, the circular arch might, with ad-

vantage, have been substituted for the
catenary by reason of the fact already

pointed out, that the thickness of the

arch crown is so nearly equal to the
depth y Q

of the crown ordinate, that, with
the arch -ring and the roadway together,

the whole depth y would be solid mate-
rial, and to keep up the conditions of

equilibrium the whole spandril filling

* If it is specially desired to adhere to keystone
depths exactly proportionate to thrusts along the rib,

the value of K might be found as per formula (3) and if

it does not come in within the middle third of the thick-
ness of the arch ring, the/ curve of the intrados may
be modified accordingly. What is necessary under the
requirement of the middle third theory is, however,
merely that K should exceed a third of the springing
thickness and be less than y$ the same.

It will be noticeable also in Fig. 2 that the familiar
method of ascertaining the form of extrados by pro-
jection of the crown thickness upon the normal gives
a thickness of arch ring which falls between the two
results obtained by the formula

_£_- h _k__h
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would require also to be solid up to the

horizontal line or directrix. With such
dimensions the catenarian form could
thus not be strictly adhered to without
an unnecessary weight of masonry in the

spandril filling. With an exactly equilib-

rated arch in which an ample depth of

keystone has been allowed by the empiri-

cal formula already quoted it would seem
that the true science of contraction

would not demand any solid backing
whatever, a mere spandril filling of light

wall masonry being alone requisite to

carry the horizontal roadway. In Fig. 2

the crown thickness is drawn 4 feet only.

The equal strength for the springing will

thus be 4xff=6.3ft., but the formula
for K brings out ^= 5ft. 2in. only.

To illustrate the transformed caten-

arian arch under other conditions, let the
dimensions be

Half span=x
1
=- say, 80 feet,

Kiseof arch = " 30 "

Depth of crown below directrix

= 16ft.=y
,

Then y1= 30 + 16 =46ft.

Finding the modulus m we have by the
formula (1),

80

hyp " log, (l6"M
2116. 256

256

80

256

80 \
:46.58 ft.

hyp. log. 5.57~ 1.7174/

Then as in previous example by the
use of Table I.,

If —= .2 then cc=9.316 and-^-=1.02 . :. s/=16.32

.4

.6

.8

1.0

1.2

1.4

1.6

18.632
27.948
37.264
46.58
55.896
65.212
74.528
80.000

Vo
1.081 "18.296
1.1854"17.946
1.3373"21.3968
1.5431 "24.6896
1.8106"28.9696
2.1509"34.4144
2.5774 "41. 2384
2.875 "46.000

Assuming an average of 50 lbs. per
cubic foot for the whole area of land be-
tween the intrados and the roadway, we
obtain the thrust at crown H—wm2=
108484 lbs. per foot of breadth, or 9040
lbs. per inch of breadth of arch.

The load on half arch per foot of
breadth

=P= mwy
2

[ (em—e-mj

— = 1.717. Hyp. anti. log. 1.717= 5.57.

Eecip. 5.57=. 1795 and 5.57-. 1795
= 5.3905

.-. P=18732x 5.3905=100975.

The thrust along arch at springing = H
x

=VP 2 +H 2= 148200 or 12350 lbs. per
inch of breadth.

With these stresses at a working stress

of 1000 lbs. per square inch, the arch
stones would require a depth of 9 inches
and 12|- inches at crown and at springing
respectively.

77 o

The radius at crown is —= 135.6 feet,

y a

the radius of a similar circular arch being
121.6 ft.

Taking the longest radius, the thick-

ness of crown by empirical rule is

£=V.12x 135.6, or 4 feet, and t
1
at the

springing to be equally strong =4x H
= 5^ feet.

Testing the stability of the arch rin we
get

pFIg=- .-. K=23.3"

This number, 23.3, if multiplied by 3
will give 70 inches as the maximum
depth of rib at springing. The line of

pressure thus falls well within the middle
third of the arch-ring at the springing.

If 48 inches is considered to be the least

thickness of ring at the springing we
should find the smallest safe § of the key-

16 TT
stone depth thus —=— .

•
. K=22, and

Iv B.
1

22 is | of 33. The keystone depth
would be thus not less than 2ft. 9in.

The arch under notice is exceptional

as regards the amount of surcharged
weight, and the thrust along the arch at

the springing is thus not so much in ex-

cess of the thrust at the crown, as in the

previous example. The first example is

by no means uncommon in respect to

the thickness of roadbed above the arch-

ring. We have already noted that such
an arrangement is not correct, theoreti-

cally, unless the spandril also is filled

solid to the road level ; but as the road-

bed would be solid only for a short dis-

tance, the result would not be serious.

though it points to the desirability of
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making the curvature somewhat sharper

at the crown and natter at the haunches
than the theoretical linear arch.

As an arch with immovable abutments
cannot crush inwards at any point with-

out absolute crushing of the material, or

bulging outwards of some other part, it

would also appear better on this score

that the curvature of the crown should
be natter than an absolutely correct arch

than that the haunch curvature should be
so, because, owing to the greater depth
and immobility of the load over the

haunches than over the crown, any ex-

cess of external load, such as the passage
of a heavy locomotive, would, if the curv-

ature of the crown was too sharp, tend,

when the load was over the haunches, to

cause the crown to rise ; and though,
again, when the load was over the crown,

it would also tend to force this in, it

would not so readily do this, because of

the difficulty of forcing up the haunches
on account of the weight of surcharge,

and the variation of the true circle from
the catenary at the haunches being in

the wrong direction, on the basis of the

above hypothesis may be taken as indica-

tive of the necessity of greater consider-

ation being bestowed upon the catenary

as a figure for arches.

There is no doubt but that friction

plays a most important part as a pre-

server of arches, especially when subject

to heavy passing loads ; and vibration is

to be avoided as destroying friction. A
heavy surcharge of earth in preference to

or combined with spandril walling would,
both as a deadener of vibration and as

a means of increasing the ratio of dead
to live load, tend to secure stability in an
arch.

Between the limits of the two examples
we have worked out, possibly fall the ma-
jority of stone arches, so far as are con-

cerned depth of loading at crown.
In the Example II. it must be under-

stood that the catenarian curve has been
straightway adapted as the actual intra-

dos, the limit of the deviation of the lin-

ear arch not exceeding q=^, while in ex-

ample I., q being above ^ on the basis of

t TT-=—the arch-ring, to fulfill this double

condition, would require to have been
constructed to lie partially on either side

of the catenarian curve, the intrados at

the springing passing within the caten-

ary, an amount N in this case =6ft. 4in.

— 5ft. 2in.= 14in., as shown by the short

dotted line.*

The largest span of any stone bridge

is that of the Washington Aqueduct, a

single arch of 220 feet, the next being
Harrison's famous bridge over the Dee,

at Chester, England, 200 feet. Both
these a*e truly circular, and the Wash-
ington arch at the springing is, with its

solid backing, as much as 20 feet in

thickness. In this way practical men
have eliminated the effect of deviations

in the line of pressures, for however de-

signed and loaded, it is probable that

with the careful bonding of the backing
courses, a linear arch can be drawn within

what may fairly be called the arch-ring

;

and looking upon it in this light it appears
that, so long as the linear arch falls be-

yond the intrados, and never within it,

i. e., within the archway itself and not
through the material of the arch-ring,

the arch should -be practically safe. The
catenarian arch being theoretically de-

signed to be an exact linear rib, it ap-

pears almost superfluous to take into

consideration the possibility of rupture

due to deviation of the line of pressure

beyond the middle third of the arch-

ring ; for, by the very theory of the de-

sign, the line of pressure of the whole
weight of both the arch-ring and the

loading coincides at the intrados with
the intrados itself, and at the exterior

surface of the solid backing with that

exterior surface, if the backing has been
correctly proportioned, and it would ap-

pear superorogatory to investigate the

question of stability on this point, though
Kankine, referring to this, says the "re-

sulting curve is simply the curve of the

intrados shifted vertically upwards
through a height AB," thus apparently

hinting that the process is necessary,

even to a theoretically proportioned

structure.

It may be questioned with some force

if the catenary curve can compare, in

point of appearance, with the circle as a

figure for arches. If appearance is to be
considered, however, it is an easy matter

* Thus, the actual arch at the springing if designed
to fulfill both the condition for K and to be also of
equal strength throughout, would have a springing
thickness of 6 ft. 4" to fulfill the latter condition, but
in place of having for intrados the true curve T—T and
for extrados the curve commencing C—C it would lie

between the two curves shown for a short distance
only, and shaded, and of a thickness M=6 ft. 4" in. or
[(5ft;2H-N)].
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to first design the true arch and then so

proportion the thickness of the arch-ring

that true arch may be contained -within an
intrados of circular form. It is evident,

from Fig. 2, that it is the great weight
over the haunches that renders possible

the use of the flat crown of the caten-

arian arch, and opponents of the form
may urge that, by properly lightening

the haunches of load, the circle may be
as mathematically correct as the catenary.

For arches of large spans, however,
the catenary curve, presenting, as it does,

a direct means of constructing an arch
which shall fulfill the conditions of sta-

bility if loaded in a manner at which it is

easy to arrive, and which presents no
difficulties of execution, appears to solve

much of the difficulty of the arch ques-
tion : and it is certain that the headway
of a catenarian arch, being greater than
that of a circular arch at a little above
the springing, tells somewhat in its favor.

The circle may be more eye-pleasing in

the opinion of many, but the writer be-

lieves that the truer form of the catenary

is not displeasing to engineers generally.

In iron structures a notable example
of conformity to correct forms is to be
seen at Manchester, England, the single-

span roof over the Central Station being
constructed of a series of latticed ribs of

catenarian form of large span. These
ribs spring, in reality, from the ground
line, though this is to a certain extent

concealed by the sidewalls of the station,

put in chiefly for effect, and the ribs for

some height above the springing are stiff-

ened by being solid plated. This struct-

ure is a distinct concession to the re-

quirements of ideal form in engineering
construction, and worthy of special no-

tice by engineers.

It is noticeable, however, in the arch
of Fig. 3 the circle coincides so nearly

with the catenarian intrados as to be
practically identical with it ; but this is

not often the case, the depth of crown
load being here exceptional. In this re-

spect the catenary bears resemblance to

its fellow curve, the hydrostatic, in re-

quiring the designer's attention chiefly

when the arch crown approached the di-

rectrix, and as at great depths the intrados

of a tunnel approximates to the circular

form (modified only by the angle of re-

pose of the earth), so does the caten-

arian arch also approach the true circle.

Hence it is easy to see that the stability

which practice has shown to be the fea-

ture of a deeply-surcharged arch, may
not be due altogether to the frictional

stability caused by the load, but partially

to the coincidence of the actual intrados

with the ideal rib.

In conclusion, the writer would add
that if what he has written serves in any
way to draw attention to the neglect by
engineers of true forms, wherewith at

least to analyze the conditions of their

actual constructions, he will feel that he
has not written in vain.

HEAT ACTION OF EXPLOSIVES.*
From "Iron.'

The sixth of the course of lectures on I

" Heat in its Mechanical Applications "

was delivered at the Institution, by Cap-
tain Andrew Noble, C. B., F. K. S., M. I.

C. E. The lecturer commenced by point-

ing out that the salient peculiarities of

some of the best-known explosives might
roughly be defined to be the instantane-

ous—or, at least, the extremely rapid

—

conversion of a solid or fluid into a
gaseous mass, occupying a volume many
times greater than that of the original

body, the phenomenon being generally

* Abstract of a lecture "before the Institution of Civil
Engineers.

accompanied by a considerable develop-

ment of measurable heat, which heat

played a most important part, not only

in the pressure attained, if the reaction

took place in a confined space, but in the

energy which the explosive was capable

of generating. Fulminates of silver and
mercury, picrate of potassa, gun-cotton,

nitroglycerine and gunpowder, were cited

as explosives of this class. The lecturer

asserted that substances such as those

just named were not the only true ex-

plosives. In these solid and liquid ex-

plosives, which consisted generally of a

substance capable of being burnt, and a
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substance capable of supporting combus-
tion, in, for example, gun-cotton or gun-
powder, the carbon was associated with
the oxygen in an extremely condensed
form. But the oxidizable and oxidizing

substances might themselves, prior to

the reaction, be in the gaseous form ; as,

for instance, in the case of mixtures of

air or oxygen with carbonic oxide, of

marsh gas with oxygen, or of hydrogen
and oxygen. He added that these bodies
did not complete the list, and that, under
certain circumstances, many substances
ordinarily considered harmless must be
included under the head of explosives,

making a reference to finely divided sub-
stances capable of oxidization, or certain

vapors which when suspended in, or di-

luted with, atmospheric air, formed mix-
tures which had been the cause of many
serious explosives.

These instances served to show that

an explosive might be either solid, liquid,

or gaseous, or any combination of these
three states of matter. In the first place,

a brief account was given of the sub-
stances of which some explosives were
composed, illustrated by the composition
of one or two well-known types. In the
second place, the lecturer showed the
changes which occurred when explosives

were fired, and gave the substances
formed, the heat developed, the tempera-
ture at which the reaction took place, and
the pressure realized, if the products
were absolutely confined in a strong
enough vessel ; relating the experiments
which had been made, and the apparatus
which had been used, either to ascertain
or to verify the facts required by theory,
He further supposed all the explosives to
be placed in the bore of a gun, and
traced their behavior in the bore, their

action on the projectile, and on the gun
itself. He also described the means and
apparatus that had been employed to as-

certain the pressure acting on the pro-
jectile and on the walls of the gun, and
to follow the motion of the projectile in

its passage through the bore. He men-
tioned that the potential energy stored up
in a mixture of hydrogen and oxygen
forming water was, if taken with refer-

ence to its weight, higher than that of
any other known mixture, and explained
why such an explosive, whose compon-
ents were so readily obtainable, was not
employed as a propelling or disruptive

agent, the main objection being that if a

kilogramme of gunpowder, forming a
portion of a charge for a gun, was as-

sumed to occupy a liter or a decimeter
cubed, a kilogramme of hydrogen, with
the oxygen necessary for its combustion,
would at zero and at atmospheric press-

ure occupy a volume sixteen thousand
times as great.

The lecturer next passed to gun-cotton,

described its composition and the vaiious
forms in which it was manufactured, re-

ferring especially to the forms which
were so largely due to Sir Frederick Abel.

The various forms of gun-cotton were
exploded, and the lecturer remarked on
the small quantity of smoke formed, as

an indication of the small amount of

solid matter in the production of combus-
tion. Also, that instead of the explo-

sions which took jDlace when gaseous
mixtures were fired, gun-cotton appeared
rather to burn violently than explode.

This was due to the ease with which the
nascent products escaped into the atmos-
phere, so that no very high pressure was
set up ; but it was pointed out that by a

small charge of fulminate of mercury, or
other means, a high initial pressure was
produced, and the harmless ignition

shown would be converted into an ex-

plosion of the most violent and destruc-

tive character. This transformation dif-

fered materially from those which he had
hitherto considered. In both of these
the elements were, prior to ignition, in

the gaseous state, and the energy liber-

ated by the explosion was expressed di-

rectly in the form of heat. In the present

instance a very large but unknown quan-
tity of heat disappeared in performing
the work of bringing the products of ex-

plosion to the gaseous state.

Captain Noble then showed that gun-
powder, the last and most important ex-

ample selected, was also by far the most
difficult to experiment with, as well as

the most complicated and varied in the

decomposition which it underwent. One
great advantage for the artillerist which
gunpowder possessed, in being a mix-
ture, not a definite chemical combination.

was that when fired it did not explode in

the strict sense of the word. It could
not, for example, be detonated as could
gun-cotton, or nitro-glycerine. but it de-

flagated with great rapidity, that rapid-

ity varying with the pressure under
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which the explosion was taking place. As
a striking illustration of the effect of

pressure in increasing or retarding com-
bustion, he showed an experiment de-

vised by Sir Frederick Abel. It consist-

ed in endeavoring to burn powder in

vacuo, and he demonstrated that it

would not burn until sufficient pressure

was reached. He exhibited the various

forms under which gunpowder was
manufactured, and igDited some samples

of powder, pointing out the essential dif-

ference between their combustion and
that of gun-cotton, namely the large

quantity of what was commonly called

smoke slowly diffusing itself in the air.

He also exhibited a portion of the so-

called smoke of a charge of 15 lb. of

powder, collected in a closed vessel.

Captain Noble next described at some
length the experiments made with gun-
cotton and gunpowder by Sir. Frederick

Abel and himself. With reference to the

latter he reiterated their opinion that,

except for instructional purposes, but
little accurate value could be attached to

any attempt to give a general chemical

expression to the metamorphosis of a

gunpowder of normal composition. He
further pointed out that heat played the

whole role in the phenomena. He ex-

plained that a portion of this heat, to

use the old nomenclature, was latent; it

could not be measured by a calorimeter
;

that was, it had disappeared or been
consumed in performing the work of

placing a portion of the solid gunpowder
in the gaseous condition. A large por-

tion remained in the form of heat, and
performed an important part in the ac-

tion of the gunpowder on a projectile.

After describing the apparatus used by
Sir Frederick Abel and himself, Captain
Noble illustrated the progress that had
been made in artillery by mentioning that

thirty years ago the largest charge used
in any gun was 16 lb. of powder. The
32-pounder gun, which was the principal

gun with which the navy was armed,
fired only 10 lb. ; but he had fired and
absolutely retained in one of these ves-

sels, no less a charge than 23 lb. of pow-
der and 5 lb. of gun-cotton.
The lecturer next referred to erosion

and its effects, and added that he was
not one of those who advocated or re-

commended the use of gunpowder giving
very high initial tensions. If such a

course were followed, much would be
lost and little gained. The bores of

guns would be destroyed in a very few
rounds. There was no difficulty in mak-
ing guns to stand pressures much higher
than those to which they were normally
subjected, but then they must be in a

serviceable condition. Nine-tenths of the

failures of guns with which he was ac-

quainted had arisen, not from inherent

weakness of the guns when in a perfect

state, but from their having, from one
cause or another, been placed in a condi-

tion in which they were deprived of a

large portion of their initial strength.

He added that, with a given weight of

gun, a higher effect could be obtained if

the maximum pressure was kept within

moderate limits. He stated that the

actual pressure reached by the explosion

of gun-cotton experimented with by Sir

Frederick Abel and himself, assuming
the gravimetric density of the charge to

be unity, would be between 18,000 and
19,000 atmospheres, or say 120 tons on
the square inch. While at the same
density, in a closed vessel with ordinary

powder, the pressure reached about

6,500 atmospheres, or about 43 tons on
the square inch, he had found it pos-

sible to measure the pressure due to the

explosion of charges at considerably

higher density, and had observed press-

ures of nearly 60 tons with a density of

about 1.2.

The lecturer then considered the case

of a charge of gunpowder placed in the

chamber of a gun ; he supposed the

gravimetric density of the charge to be
unity, that it was fired, and that it was
completely exploded before the shot was
allowed to move. He exhibited on a dia-

gram a curve indicating the relation be-

tween the tension and the density of the

products of combustion when employed
in the production of work ; and observed

that in this diagram the tension was rep-

resented by the ordinates, the expansions

by the abscissas, and the energy de-

veloped by any given expansion was de-

noted by the area between the corre-

sponding ordinates, the curve, and the

axis of abscisses. He said that if this

theoretic curve was compared with the

curve deduced from experiments in the

bores of guns, after the charge might be
supposed to be completely consumed, the

agreement was most remarkable, and af-



HEAT ACTION OF EXPLOSIVES. 13

forded ample evidence of the approxi-

mate correctness of the theory. He had
stated that he could not agree with those

who were in favor of the strongest

—

meaning by the term the most explosive

—powder manufactured. To show the

advance that had been made by moving
in exactly the opposite direction, he ex-

hibited diagrams of two guns of precise-

ly the same weight, but differing in date

by an interval of ten years. One of these

guns was designed to fire the old-fash-

ioned R. L. G., the other, modern pow-
ders. The maximum pressure in the

older gun was nearly double that in the

modern gun, while the velocity de-

veloped by the latter was twice, and the

energy not far from three times, that of

the former ; and if the foot-tons per
inch shots' circumference were taken to

represent approximately the respective

penetrating powers of the projectiles, the

superiority of the modern gun would be
still more apparent. He directed atten-

tion, however, to one point. The new
gun was as a thermo-dynamic machine
much less efficient than the old. This
arose chiefly from the fact that although
the new gun was absolutely much longer
than its rival, it was, taken in relation to

the charge, much shorter ; that was, the
gases were discharged at the muzzle at a

much higher tension.

It remained to consider the total

amount of energy stored up in explo-

sives. In the case of the most important
—gunpowder—he stated that the total

energy stored up was about 340,000
kilogrammeters per kilogram of powder,
or, in English measure, a little under 500
foot-tons per lb. of powder. He said

that if the potential energy of 1 lb. of

gunpowder was compared with that

stored up in 1 lb. of coal, his audience
being accustomed to the enormous press-

ures developed by gunpowder, might be
somewhat astonished at the results of the
comparison. The potential energy of 1

lb. of gunpowder was as nearly as pos-
sible Jq- of that of 1 lb. of coal, and ±\ of

that of 1 lb. of hydrogen. It was not
even equal to the energy stored up in the
carbon which formed one of its own con-
stituents. As an economic source of

power, coal had the advantage by at

least two thousand to one. He had stated

that the total theoretic work of gun-
powder was a little under 500 foot-tons

per lb. of powder, but it might be desir-

able to mention what proportion of this

theoretic work was realized in modern
artillery. He concluded by arguing that,

were it necessary to urge the claims of

the modern science of therrno-dynamics,
he might take, as perhaps the most strik-

ing instance, the progress of artillery

during the last quarter of a century.

Twenty-five years ago our most powerful
piece of artillery was a 68-poixnder,

throwing its projectile with a velocity of

1,600 feet per second. Since then the
weight of our guns had been increased
from 5 tons to 100 tons, the projectile

from 68 lb. to 2,000 lb., the velocities

from 1,600 feet to 2,000 feet per second,
the energies from 1,100 foot-tons, to over
52,000 foot-tons. Large as these figures

were, and astonishing as were the ener-

gies which in a small fraction of a second
could be impressed on a projectile of

nearly a ton weight, they sank into the
most absolute insignificance when our
projectiles were compared with other
projectiles, velocities, and energies exist-

ing in nature. Helmholtz had given an
estimate of the heat that would be de-

veloped if the earth were suddenly
brought to rest, but if, looking at the
earth in an artillery point of view, and
following the principles he had laid

down, the earth was considered as an
enormous projectile, and if it was sup-
posed further the whole energy stored

up in gunpowder could be utilized, there

would yet be required a charge 150 times
greater than its own weight, or 900 times
greater than its volume, to communicate
to the earth her orbital motion.

A German mile—about five English
miles—contains 25,856 ft. ; a square Ger-
man mile contains therefore 66$k million

square feet. The superficial area of the

Lake of Constance being 8^ German
square miles, therefore contains 56S2 mil-

lion square feet. There are living on the

surface of the globe at this moment, in

round numbers, about 1,430 million hu-
man beings. Let every man have 4 square
feet allotted to him, and if it were frozen

over, the whole human family might find

standing room upon the surface of the

lake. Should the weight prove too great,

the ice break, and the whole human race

be submerged, it would only raise the

level of the lake about 6 in.
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TEMPERATURE OF THE SUN.

Br Prof. DeVOLSON WOOD.

Contributed to Van Nostrand's Engineering Magazine.

In the last March number of this jour-

nal is an article by Capt. J. Ericsson,

taken from Nature, in which occur the

following statements, page 180 :
" Had

Pouillet known that solar radiation, after

suffering a two thousand five hundred
and seven-fold diffusion, retains a radiant

energy of 520° F., he would not have as-

serted that the temperature of the solar

sui'face is 1760° C. Accepting Newton's
law that the temperature is as the dens-

ity of the rays, the temperature imparted
to the heater of the sun motor proves
that the temperature of the solar surface

cannot be less than 520° x 2507= 1,303,
640° Fahr. . . . No demonstration
whatever has yet been produced tending
to prove that the said law is unsound.

. . . The temperature produced by
radiant heat emanating from incandes-

cent spherical bodies diminishes as the

diffusion of the heat rays."

The law that " the intensity of heat di-

minishes as the square of the distance

from the radiant increases," here referred

to as Newton's law, is applicable only to

the case where the radiant body is con-

sidered as a mere point ; and even in

those cases the law does not give the

temperature of the incandescent body.
The law is sufficiently accurate for finite

distances from the radiant point, but at

the point it gives an infinite temperature
in all cases ; whereas the radiant, in prac-

tice, has only a moderate temperature.

To be applicable to the sun it must be
considered as a point, instead of a heated
surface 400,000 miles from its center.

Even if the sun be considered as a uni-

formly heated mass, the law will not be
applicable to it ; hence the computation
given by Capt. Ericsson gives an errone-

ous value for the temperature. We know
of no way • of finding the temperature
founded on that method. The heat re-

ceived by his sun motor emanated from
all the points of the solar surface seen
from the earth, which will be somewhat
less than the surface of a hemisphere of

the sun.

Experiment shows that the quantity of

heat emanated from an incandescent

body increases more rapidly than the

temperature, and that the law deduced
by M. M. Pettit and Dulong is given by
the equation

Q= 1.146 fa1

Where t is the temperature in degrees

centigrade of the hot body, Q= 1.0077, f
the emissive power of the surface, its su-

perior limit being unity, and r the quan-
tity of heat per square centimeter emit-

ted per minute, being the number of

grammes of water raised 1° C. in one
minute. Newton's law cannot be substi-

tuted for this. Assumingf=A_, Pouillet

found the probable temperature of the

sun's surface to be 1760° C. A recent

determination of the solar constant, by
Professor Langley, would, by the same
process of analysis, give over 5000°

Fahr.

One Rosetti makes the following re-

mark :
" The effective temperature of

the sun may be defined as that tempera-
ture which an incandescent body of the

same size placed at the same distance

ought to have in order to produce the

same thermal effect if it had the maxi-

mum emissive power. If we consider

the surrounding temperature during the

observation to have been 240°, we obtain

. . . for the effective temperature
9965.4° C. . . . I think then I may
fairly conclude that the temperature of

the sun is not very different from its ef-

fective temperature, and that it is not

less than 10000° C, nor much more than
20000° C." ( Phil. Mag., 1879, Vol. II.,

p. 548 ; or American Journal Science

and Arts, 1870, II., 68.)

In regard to this result, it appears that

the surrounding temperature was as-

sumed too high. Assuming that the tem-

perature measured in the sun's rays is

125° F., and that the atmosphere ab-

sorbs i the heat, we would have about
156° F. for the intensity of the heat if

none were absorbed by the atmosphere,
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and this is nearly 70° C, instead of 240°;

and taking- £% of the above results gives

from 3000°" C to 6000° C, nearly; the

smaller of which does not differ largely

from the corrected value of Pouillet.

One can scarcely conceive of the in-

tense thermal effect produced by a tem-
perature of 5000° F. It is equivalent to

melting 16^ miles thick of ice per day on
the sun's surface ; and each square foot

of the surface would require the hourly
consumption of more than 1800 pounds
of coal to maintain this heat.

The expression, in the above extract,
" radiant energy of 520° F.," is unintel-

ligible, since energy is not so measured.

The implication that Pouillet did not
take into account the diffusion of the
rays, is unjust, for that scientist leaves

no doubt on that point, as may be seen
in his paper on pages 32 and 33 of

Comptes liendus for 1838.

We see no reason for seriously ques-
tioning the method of Pouillet. The ab-

sorption of the atmosphere varies with
the different wave lengths of light, and
as measured by Professor Langley ranges
from 0.20 to 0.61. Taking the mean as

the average absorptive power of the at-

mosphere, we conclude, according to

the method of Pouillet, that the tempera-
ture of the solar surface is less than 6000 3

Pahr.

NOTE ON OPTICAL THEORY OF THE STADIA.
I. O. BAKER, Professor of Civil Engineering, University of Illinois.

Contributed to Van Nostrand's Engineering Magazine.

In the April number, current year, of

this Magazine there appeared an article

on the stadia, in which exceptions are

taken to the ordinary deduction of the
formula for the stadia, but which only
confounds wisdom with words, and no
understanding. The author of that

article was misled by the statement of

the text-books, which usually precedes
the formula for convex lenses, that

"neglecting the thickness of the lens,

the formula becomes

P 1\ f
It is well known that several approxi-

mations are involved in the production
of the common formula for convex lens;

but if any one will take the trouble to

follow the effect of these approximations
through to the final result, he will find

that they nearly neutralize each other.

See, for example, Silliman's Physics,
pages 321 and 323.

r Although the author of that article

discovered that his second formula, as

above, was not exact, he failed to notice
that his first also involved an approxima-
tion. He first assumes that the incident
and emergent rays intersect in the
optical center; this neglects the lateral

displacement of the ray due to its pas-
sage through the lens. If the approxi-
mations involved in this assumption be
also followed through, it will be found
that they tend to neutralize the error of

the second equation.

The analytical investigation of the ef-

fect of the approximations involved in

the two fundamental equations, used for

the stadia, is too long to be reproduced
here, even if it were necessary, besides
the writer had no time to attempt it ; but
having so investigated it, a few years
ago, he is prepared to assert that the
resulting error in the final formula used
for the stadia is wholly inappreciable.

Finally the author of the article in ques-
tion, seems to think that the errors de-
pend upon the number and form of the
component lenses in the objective. The for-

mula for a convex lens is true for any
converging lens or combination of lenses,

and the more closely the optical center
approaches one face, the more accurate
the formula, provided this face is placed
toward the cross-hairs, as it should be
under any circumstances.

If we wish to compute the coefficient

4- in the stadia formula for the horizontal
i
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f
distance D = - s + {f+ c), it is not suf-

ficiently exact to determine f by meas-
uring directly from the lens to the focus

for parallel rays ; it should be deter-

mined by measuring the distance be-

tween the object and its image when the

two are equal in size and equally distant

from the lens, one-fourth of this dis-

tance is equal to f, no matter what the

form of the lens. If f be determined as

above, and i carefully measured, the for-

mula will give results correct to the

limits of the accuracy of the observa-

tions themselves. The writer made a

very satisfactory test of this principle by
measuring under a microscope the dis-

tance between the threads of an astron-

omical transit, and computing the equa-

torial intervals from the value of f
determined as above ; the actual intervals

as determined astronomically, agreed
within the limits of the error of the

observations.

The writer would not be understood

as advocating that — should be deter-

mined in this way, but as showing that
no appreciable error is involved in the

formula D =4-s + (/+ c). Of course, it is

better to measure the larger quantities,

D and s, and compute the coefficient

f— therefrom. Almost any measurement

of /and c is accurate enough for the
term (f+c) ; but if we choose, we may

f
consider both — and (f+c) as unknown,

i
'

when two measures of D and s will give

ftwo equations from which - and (f + c)

may be determined. For greater accu-
racy, determine several values of each
and take the mean.

[Since writing this article, the June
number of this Magazine has been re-

ceived, which contains a surprisingly

brief and elegant analytical discussion
fully confirming the above.]

DISCHARGE OF STREAMS IN RELATION TO RAINFALL.
By TIMOTHY AUGUSTINE COGHLAN, Assoc. M. Inst. C. E.

From Selected Papers of the Institute of Civil Engineers.

The country watered by the Upper
Nepean, Cordeaux and Cataract rivers,

comprises an area of 354 square miles,

the mean length from north to south be-

ing about 25 miles, while the width from
east to west is on the average 16 miles.

It is for the most part uninhabitable,

and has been reserved by the Govern-
ment of New South Wales as tbe source

from which the city of Sydney, with its

suburbs, is in future to derive its supply
of water. The area included within the

catchment of these rivers lies on the

western side of the range of mountains
constituting the watershed between the

Nepean Valley and the Illawarra district,

and is in no place distant more than 20
miles from the Pacific Ocean. The ridge

forming its eastern boundary is known
as the Illawarra or Mittagong range, and
has an average height of about 2,000 feet

above sea-level, the most noteworthy
peaks being Mounts Keera and Kembla,
opposite the town of Wollongong. The
average elevation of the basin is prob-
ably not less than 1,200 feet above
the sea. On the eastern side of the

basin, to the lee of the mountains, the

country is flat ; numerous swamps retain

the water, and serve to some slight ex-

tent as a storage reservoir, by equalizing

the flow and gradually feeding the tribu-

tary streams at the head of the rivers.

The swamps occur chiefly in the Cata-

ract part of the watershed, and though
considerable in themselves, do not occu-

py a very large portion of the area. The
remainder is a rugged plateau intersected

by steep and broken ridges, which some-
times rise perpendicularly from the beds
of the streams. The whole country is

barren ; the surface-soil is poor, resting
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in many places almost directly on sand-

stone, which crops out on the sides and
tops of the spurs of the hills and in the

beds of the streams. Vegetation is rep-

resented by stunted varieties of eucalyp-

tus and epacris, though the scrub is in

many places thick ; in the valleys and
other choice spots the common gum-
trees attain goodly proportions.

The main branch of the Nepean rises

at the extreme south of the watershed

at a point nearly 2,400 feet above the

level of the sea, whilst the sources of the

Cordeairx and Cataract have an elevation

of about 1,400 feet. The rivers, though
they rise far apart, converge till the

Cordeaux unites with the Nepean at the

Pheasant's Nest Pass, after a course of-

about 24 miles, the length of the Nepean
being about 30 miles. Below the junc-

tion of these rivers a weir was erected to

gauge their united waters. The Cataract

approaches the Nepean nearly at right

angles, and at Broughton's Pass, 20 miles

from its source, at the site of a weir, it

is only 4f miles distant from that river.

Here a tunnel is being pierced to divert

part of the Nepean and Cordeaux waters

to the Cataract, to be thence conducted
to Sydney.
Both the Pheasant's-Nest and Brought-

on's Pass are gorges in the sandstone
hills, their sides rising sheer. The fall

along the bed of the Nepean is about 70
feet, and of the Cataract nearly 60 feet

per mile. The rivers near their sources

descend from the hills in miniature cas-

cades. The lay of the basin of these

rivers is north and east. To this must
be attributed the equable fall of rain

over the basin. The records of a long
series of years establish the fact that

the rain is more copious near the coast

than inland, and that the average depth
of rain at a particular place generally de-

pends on its distance from the sea.

At Sydney the heavy rainfalls, brought
by the south-east winds, are attributable

to the peculiar situation of the adjacent

district forming part of a region of pre-

cipitation, of which the Nepean and Cat-

aract basin is the extreme south, Long
since, the Government Astronomer of

New South Wales pointed out that on
the border of the south-east trade, as on
that of the north-east, there is a belt of

calms, or changeable winds, and that the

polar side of this belt is the region of

Vol. XXXL—No. 1—2

precipitation. Port Macquarie, in lat.

32° 47', is usually the limit of the south-
east trade wind on the New South
Wales coast. Then southward for a few
degrees the rainfall is excessive. The
configuration of the Nepean and Cataract
basin is, moreover, such as to promote
the discharge of the rain brought by the
trade-winds ; while, on the other hand,
the clouds gathered by the southerly
winds discharge their moisture on the
western or lee side of the coast ridge,

which has just sufficient elevation to ob-
struct the passage of the clouds and fa-

cilitate jDrecipitation.

Rain gauges have been established at

various points in the river basins. The
values in Table I. are not for one place,

but the adjusted means for the whole
district, giving due weight to the area
represented by each gauge. The annual
fall of rain varies from 75 inches to 34
inches. The average fall since 1869 has
been about 54 inches at the Cataract
river, while at the Nepean it has been
only 44^ inches, or about 82 per cent, of

the former. This average holds good
both for a series of months and years,

the excess on the Cataract basin being at-

tributable to its closer proximity to the
sea, the dividing ridge being there only
3 miles distant from the Pacific Ocean,
and also to its trending towards the di-

rection from which the heaviest down-
pour comes. Table I. shows the propor-
tion of water falling on the two basins.

The area of the Nepean basin is about
284 square miles, and of the Cataract
about 70 square miles, the proportion be-

ing as 4.06 to 1. The average rainfall is

0.825 to one; thus the proportion of

rainfall over the Nepean area to that of

the Cataract is as 3.35 to 1.

The heaviest rain observed during any
month was in February, 1873, when 22.43

inches fell on the Cataract, and 19.78

inches on the Nepean basin ; the least

was in- April, 1871, when 0.24 inch, and
0.10 inch of rain fell at these places.

Most of the rain falls from February to

July, though heavy rains sometimes occur
in September and October. Excessive
falls are often due to great rain-storms
in the latitudes just beyond the south-
east trades. On the 26th of February,
1873, 11 inches of rain were recorded in

24 hours ; but cases have been known at

Sydney where a depth of 20 inches has.
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fallen in 24 hours. The average number
of rainy days for the year is one hun-
dred and forty; the number of days of

continuous rain has been twenty-six, and
periods of seven days continuous rain

are not unfrequent. Droughts are, un-
fortunately, also of long duration ; thus,

from July, 1875, to April, 1876, a period

of two hundred and eighty-seven days,

the total depth of water falling on the

Nepean basin was only 14.93 inches, and
from February to October, 1872, being
two hundred and thirty-five days, only
10.43 inches fell. The longest time with-

out rain was about twenty days.

The annual evaporation varies from 70

to 30 inches, the mean being 48 inches.

These figures are somewhat in excess, as

the circumstances under which measure-
ments to ascertain evaporation are made
bear little analogy to that of water from
lakes, swamps or streams. Bearing this

in mind, the annual evaporation from
water exposed to the direct effect of the

sun may be taken as about 36 inches.

But in a country covered with thick

scrub, as here, evaporation from the

ground is not so considerable as is some-
times sujrposed. Rain is effective, not
so much in direct proportion to the vol-

ume falling as according to the distribu-

tion of that volume. For instance, at the

Cataract river 75 inches in 1873 producd
less discharge than 64 inches in 1870

;

again, 54 inches, which fell in each of the

years 1871 and 1874, gave rise to almost
the same discharge, while a similar depth
of rain in 1875 produced much less flow.

In regard to the exceptional discharge of

1870, in the months during which the
greater part of the rain fell, it rained

nearly every day ; the ground was satu-

rated, and the water ran off in streams
before evaporation and soakage could
take place. During 1874 the discharge

was high ; the previous year had been
wet, particularly in the latter months, and
in the first six months of 1874 a consid-

erable depth of rain also fell, the latter

half year being dry. In 1875, though the

first period of the year was wet, the pre-

vious months of 1874 had been dry, and
the rain was for that reason not effective.

With regard to the ultimate destina-

tion of the rain, assuming 44 per cent,

to pass off by streams, as will hereafter

appear, the depth of water annually evap-
orated is 36 niches out of a rainfall of

54 inches, or 66 per cent. This would
be, of course, impossible, in view of the
volume yielded to the streams ; but
there are many causes operating to dim-
inish evaporation, by preventing the di-

rect action of the sun, so tbat in all like-

lihood the water re-evaporated does not
amount, on the average, to much more
than 33 per cent, of the rain, the remain-
der, after deducting the stream dis-

charges, escaping underground. No rule

can be laid down in regard to this mat-
ter, as the possible evaporation is always
greatest when the rain is least, the maxi-
mum rainfall being accompanied by the
minimum of evaporation. The observa-
tions seem to indicate that in years of

abundant rain, not more than 15 per
cent, of the rain is re-evaporated, the re-

mainder going to feed the streams or
being absorbed by the soil. In years of

low rainfall the amount of evaporation is

from 50 to 60 per cent., while during
average years 33 per cent, would repre-

sent the rain thus lost. Regarding the
disposal of rain underground, part is re-

turned to the rivers by springs through
crevices in the rocks, part is absorbed by
vegetation, and part is carried away
through fissures in the rocks or breaks
in the strata to places below the streams.

Tunnels and openings in the Sydney
sandstone show that waste from this last

source is considerable.

Convenient points were chosen for the
erection of the weirs, the rivers being
dammed by planks of Oregon pine, 2j
inches thick, bolted to the rock in the
bed of the river and calked with oakum.
The notch at the Cataract was 3 feet 6
inches, and at the Nepean 10 feet wide,

both being 1 foot deep. The formula
given by Rankine,

Q=5.35c&if,
was used in calculating the discharge
when the water falling over the wier was
less than 1 foot deep, c being considered
as 0.598 ; thus the formula reads

Q=b h •§=cubic feet per second.

When the water rose over the top of the

notch to a moderate height, the dischax-ge

was taken as that of a drowned weir.

Elaborate observations were made to as-

certain the discharge of the rivers when
in flood ; various cross sections were
taken, and the velocities measured at the
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different flood heights when opportuni-

ties offered, and the results for each

cross section were compared. The in-

clinations of the rivers were also record-

ed at suitable points, the probable dis-

charges calculated therefrom, and the

new results compared with the former
ones and with one another, and in this

way a table of the probable discharge at

each foot in height was arrived at. The
results hereafter stated may be consid-

ered fair approximations of the discharges
of the rivers.

Gaugings were commenced towards
the close of the year 1868, and they are

still carried on. From this period of

upwards of fourteen years, during the
interval from July, 1869, to June, 1876,

which has been selected as containing il-

lustrations of all the circumstances that

need remark, the average annual depth
of rain was 53.99 inches on the Cataract
basin, and 44.28 inches on that of the

Nepean, the proportion being as 1 to

0.823 ; but as the area of the basin of the

former river was hardly one quarter of

the latter (g'W), the proportion of rain

falling on each district was as 1 to 3.34.

The average yearly discharges were 24,-

484,000,000, and 80,383,000,000 gallons,

equivalent to 24.14 and 19.54 inches of

rainfall respectively, or, allowing for the

superior area of the Nepean, as 1 to 3.28.

The records of rainfall and disharge
for any particular year show that the dry
years are somewhat in favor of the
smaller area, while the wet years give
either corresponding results, or are in

favor of the Nepean. It has been usual
to assume that the proportions would be
in favor of the smaller area, this propor-
tion being reckoned as a to Af, where a=
discharge per unit of the smaller, and A
that for the larger area. The observa-
tions taken at the Nepean and Cataract
rivers, on the contrary, indicate that the
total flow of water from similar districts

is in proportion to the volume of the
rainfall and the area of each district,

bearing in mind always that there is no
great disparity in the two areas. The
proportion between rainfall and discharge
is, in the case of the Cataract, 44.7 per
cent., while in the Nepean it is 44.1 per
cent, for an extended period, including
every condition of flood and drought.
This is a much larger proportion than is

generally reckoned on ; but, if there be

any error, it is on the side of being short

of the full quantity, owing to the rapid-

ity with which freshets rise in districts

of heavy rainfall, and the difficulty of

measuring their volume. The average
of freshets is about 54 per cent, of the
rainfall, while, after the ground has be-
come saturated with previous rain, the
volume discharged is nearly equal to the
quantity of rain falling. In dry seasons
the volume of the streams bears but a
small proportion to the depth of rain,

from 10 to 12 per cent, being the average
yield. The tables show various compari-
sons between the two streams in regard
to the rainfall and the flow due to that
rainfall, from which it is evident that
their discharges, notwithstanding the
difference in drainage areas, is in pro-
portion to the rainfall, the dry periods
being decidedly in favor of the smaller
area; but the quantity of rainfall and
water carried off by the streams in
droughts is so small that when the whole
is comprised the discrepancy is not
shown.

Rejecting the incomplete years 1869
and 1876, it will be seen in the Nepean
River, when arranged (a) according to

the rainfall, (b) the discharge, and (c) the
proportion of rain discharged (the years
giving the largest results being placed first

on the list), that for the Nepean River
the years come in the order shown in
Table II. The result of the grouping
shows that the greatest rainfall is attended
by the greatest discharge, and also by the
greatest proportion of discharge to rain-

fall ; and not only so, but the years fol-

low in every case in their proper order.

Of course this cannot be looked upon as
other than a coincidence, remarkable
certainly, but still only a coincidence.

Turning now to the Cataract, the years
in the same way are as shown in Table
III. This is satisfactory, except in re-

spect to 1873, which was a year of abund-
ant rain, though the flow was not pro-
portionate to the rain. The deduction
to be derived from this and tiie preceding
Table is obvious. The quantity of water
carried off by a stream is not directly

proportional to the rainfall ; but the
greater the quantity of rain falling within
a given time, the greater is the percent-
age of that rain carried off by the
streams.

In rainy periods the greatest floods >
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Table I.

—

Showing Pbopoetion of Rainfall Dischaeged by each Riyee.

Discharges in Per Centage of Rain Proportion Proportion
Inches of Rain. Discharged. of Nepean of Nepean

Year. Rain to

Cataract
Discharge
to Cataract

Cataract. Nepean. Cataract. Nepean. Cataract. Nepean. Rain. Discharge.

1869.... 14.35 12.77 4.48 1.82 31.22 14.3 89.00 40.8*
1870.... 64.16 64.01 43.30 43.66 67.48 68.20 99.70 100.8
1871.... 53.70 43.36 26.54 21.23 49.42 49.00 80.8 80.0
1872... 40.23 34.37 10.53 6.85 26.17 19 93 85.4 65
1873.... 75 08 57.49 32.58 28.40 43.38 49.40 76.98 88.71
1874. . .

.

54.38 42 50 27.33 17.30 50.25 40.70 78.15 63.30
1875.... 54.36 41.28 20.42 13.79 37.6 33.40 75.9 67.5
1876.... 21.30 16.06 4.84 1.44 22.74 9.00 75.4 29.75*

Average 53.99 44.28 24 14 19.54 44.70 44.10 82.00 81.00

Six months.

Table II.—Nepean Riyee.

(c) Proportion
(a) Rainfall. (?) Discharge. of Rainfall to

Discharge.

1870 1870 1870
1873 1873 1873
1871 1871 1871
1874 1874 1874
1875 1875 1875
1872 1872 1872

Table III.—Cataeact Riyee.

(a) Rainfall.

1873
1870
1874*
1875*
1871*
1872

(5) Discharge.

1870
1873
1874
1871
1875
1872

(c) Proportion
of Rainfall to

Discharge.

1870
1874
1871
1873
1875
1872

Nearly equal.

not only actually, but proportionately to

area of basin, were experienced first in

the Nepean, notwithstanding its area

was four times as large as that of the ad-

jacent stream, though during the whole
time of flood almost similar proportions
of the rain were measured as given off by
the two streams. This may be account-

ed for by the existence of large swamps
in the Cataract district, which act as

flood moderators, whereas in the Nepean
very little of the rain is retained by the
swamps ; to this fact, likewise, must be
attributed better results from the dry-

weather discharge of the Cataract.

Experience elsewhere has led to the
conclusion that flood volumes are propor-
tionately greater for smaller areas, and
formulas have been constructed on this

basis ; but the experience derived from
streams in New South "Wales does not
favor this assumption, though it may be
correct in the main. The great floods of

the Nepean rise 60 feet, but remain at

that height only a short time ; for in-

stance, on the 23d of February, 1873, the
Nepean flowed 1.20 foot over the sill of

the weir, on the 24th 4.15 feet, on the 25th
about the same, but on the 26th a depth
of 55 feet of water was measured at eleven
o'clock, and of 60 feet later in the day

;

twenty-four hours afterwards the depth
was 30 feet ; on the 28th the river ran 10
feet deep, gradually falling to 4 feet five

days afterwards. The quantity passing
down during the height of the flood in

twenty-four hours was probably 30,000,-

000,000 gallons, which would make the

coefficient c in the formula,

<2>-cx27(M)£

equal to 120, instead of 28. as usually

adopted.

By Fanning's formula, where

0=200 (M) f,

0= cubic feet per second, andM=area of

watershed in miles, the result is about 12,-

000,000,000 against 30,000,000,000 gals.,

as above stated. This was an extraordinary
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instance, floods in general being not

more than 40 feet over the sill, giving a

daily discharge at the top of the flood of

about 18,090,000,000 gallons, a quantity

much beyond the scope of the formula.

The Nepean River, therefore, hardly

comes within the limits contemplated
by the authors of these formulas, though
in the Cataract there is a nearer approach
to the result derived from the formula.

In the latter stream the flood rises 24
feet, and discharges a volume in twenty-

four hours of 3,787,000,000 gallons, while

the formula of Fanning gives 3,768,000,-

000 gallons.

No attempt is here made to bring flood

volumes within the bounds of a rigid

mathematical formula, there being no
agreement between the two rivers to ad-

mit of such, especially as the principle,

that the floods of the lai'ger area are pro-

portionately less than, those of the

smaller, would be violated. But though
in isolated floods no agreement is observ-

able, yet in the general results of large

and small flows, as compared with the

rainfall, there is ample evidence of the

operation of fixed laws.

From the 28th of August 1869, when
both streams were low, till the first of

May, 1876, the end of a long continued
drought, a succession of freshets occurred
over periods of time varying from three

hundred and six to fourteen days, alter-

nating with intervals of small flow, the

longest of which was 287 days. The
total quantity of rain causing floods or
freshets during these periods was, in the

Cataract River, about 290.98 inches, of

which 153.86 inches, or about 53 per
cent., flowed over the sill of the weir.

In the Nepean basin 239.87 inches fell,

and 124.17 inches, or 52 per cent., of

this quantity passed down the stream, the
percentage being nearly the same in each
case. The largest ratio of flow to rain-

fall in the Cataract was nearly 70 per
cent., the least for any considerable time
was 26.6 per cent. In the Nepean the

largest proportion was 67.76 per cent.,

the lowest 23.6 per cent. The total

time occupied by freshets was eleven

hundred and sixty-two days, and that

reckoned as ordinary flow was eleven

hundred and one days. The average
rainfall for the Cataract during freshets

was 0.25 inch per day, the quantity car-

ried off giving an equivalent of 0.133

inch per day. At the Nepean the aver-

age rain amounted to 0.207 inch, the

greatest discharge being equivalent to

a little more than 0.107 inch. The
author's measurements show that dur-

ing freshets the proportion of water
carried off by a stream is greater or

less according as the time during
which the freshets last is longer or

shorter, other things being equal. This

law is apparent in the whole series from
1868 to the present time.

The formula, used by the author for

the calculation of the quantity of water
due to freshets from natural drainage

districts of moderate size, is an empirical

one, but can be relied on fairly well

within certain limits ; it is

"Where P = inches of rainfall discharged
by streams.

t = coefficient for time, the value

of which is governed by the

length of time the freshets

last.

c = coefficient of rainfall vary-

ing with the quantity of rain.

R = average daily rainfall in

inches during freshet.

Not less important than the observa-

tion of streams in flood is the determina-

tion of their ordinary flow ; in fact the
latter is of greater moment to an engi-

neer seeking for an efficient water supply.

For the eleven hundred and one days of

ordinary flow, the rainfall was 73.74

inches at the Cateract, and 59.42 at the

Nepean river, being an average daily fall

of 0.070 and 0.055 inch. The rain yielded

a gross equivalent flow of 8.73 and 5.90

inches, or a percentage of ll.S in the
one case, and of 10.0 in the other.

Statements of the different low discharges

are arranged in the order of occurrence

in Tables IV. and V. Both these tables

are to some extent inconsistent. The
cause lies in the difficulty of determining
the exact time when a dry period begins.

No matter how low the water may be in

the streams, there is always some water
due to the wet period preceding the dry
one. This cause of error also operates

in rainy weather, but not to a serious

extent, as the water due to previous rain

forms but a small portion of the whole
flow, whereas in the case of low discharges
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Table IV.

—

Cataeaot Ritee.

Rainfall. Discharge.

Length of Low
Discharge.

Total. Per Day. Equivalent of Rain. Proportion to total rain.

190 days. 15 44 inches. 0.081 inch. 2.72 inches. 17.6 per cent.
194 ' 14.72 ' 0.076 " 1.78 ' 12.1
162 ' 6.60 ' 0.040 " 0.80 £ 12.1
34 ' 1.60 ' 0.048 " 0.17 ' 10.6
17 ' 0.27 ' 0.016 " 0.14 < 51.9
13 ' 0.26 ' 0.020 " 0.13 t 36 1

54 ' 3.28 ' 0.060 " 0.67 20.4 "
20 ' 2.07 ' 104 " 0.23 ' 11.1
147 ' 8.73 < 0.059 " 1.01 ( 11.6
287 ' 20.67 " 0.090 " 1.08 " 5.2

Table V.

—

Nepean Rivee.

Rainfall. Discharge.

Length of Low
Discharge.

Total. Per Day. Equivalent of Rain. Proportion to total rain.

190 days. 14.74 inches. 0.077 inch. 1.61 inch. 11.1 per cent.
194 ' 10.63 ' 0.055 " 1.18 ' 11.1
162 ' 5.21 ' 0.032 " 0.55 ' 10.4
34 ' 1.93 < 0.057 " 0.19 ' 9.8
17 ' 0.23 ' 0.013 " 0.08 ' 34.8
13 ' 0.38 ' 0.030 " 0.09 ' 23.7
54 ' 2.38 ' 052 " 0.38 ' 12.3
20 ' 1 42 ' 0.061 " 0.11 ' 9.7
147 ' 7.67 ' 0.052 " 0.68 ' 8 9 "
287 ' 14.93 ' 0.052 " 1.04 ' 7.0

this item may be a factor sometimes to
the extent of 50 per cent. The practice
followed by the author is to count as
available only 10 per cent, of the rainfall

for periods of small flow up to one
hundred fifty days ; for the succeeding
fifty days the amount taken is 8 per cent.;

for the following fifty days, 6 per cent.,

and for the next fifty days, 4 per cent.

This gives three hundred days in a period
of exceptional drought. The above is

less than the practice genereally obtain-
ing elsewhere, but it is warranted by the
frequently great heat of the dry sum-
mers. During the drought in 1875-76,
which lasted for more nine months, the
discharge at the Nepean river in the first

half of the period, after deducting the
water due to previous rainfall, was equal
to about 9 per cent, of the rain ; whilst
during the latter part of the discharge
was only equal to 4 per cent. The

Cataract during the time yielded a still

smaller percentage.

The conclusion to be drawn from the
gauging in season of small flow is, that

for periods of like rainfall the discharge
of the streams is greater or less, accord-

as the time over which the rainfall extends
is or less greater. This general rule is

subject to modification from various

causes, the chief being the extent of

evaporation, and the volume of rainfatl

within short periods, sueh exceptions

not invalidating the general principles

laid down as to relative discharges.

Regarding the economical size of the

channel to deliver water from streams to

a storage at some distanca, it is difficult

to define exact rules, as the useful dis-

charge depends greatly upon the equable
distribution of the rain throughout the
year, and on the retention of large quan-
tities of water in swamps, sand-drifts, or
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such like natural reservoirs, until delivr-

ed to the streams, when they begin to

fall off in volume.
Perhaps as good an example of natural

storage as could be found is afforded by
the Botany and Lachlan swamps, whence
the city of Sydney at present draws its

supply of water. The swamps and sand-

drifts now comprise an area of about 8

square miles, though for years the area

supplying Sydney was not more than 5£
miles. From the latter area a supply of

water has been drawn equal to about 18

inches of rain, while the total depth of

rain on the average is not much more
than two-and-a-half times that quantity.

From the 1st of January to the 8th of

April, 1876, the latter portion of the
drought, during which scarcely 12 inches

of rain fell in nine months, and only 4.10

inches in the above-named period, the

water in the swamps was carefully

gauged, and it was ascertained that the

amount drawn off for consumption was
about 400,000,000 gallons ; the volume of

water by evaporation in excess of rain-

fall may be taken at 116,000,000, whilst

the quantity available within the dams at

the end of the period was 51,000,000
gallons, giving a total of 567,000,000
gallons used or available for use during
period. Against this quantity is to be
set the water in the various reservoirs

upon the 1st of January, 1876, which
amounted to 173,000,000 gallons, leaving

394,000,000 gallons unaccounted for.

This represents an equivalent of about
7 inches of rain over the whole available

Botany portion, comprising an area of 4
square miles. It was drawn entirely

from the sand, and as the water-levels on
the inner side of the dams were reduced,
the water pouring in from the sand in-

creased in volume, so that in April the
discharge was 500,000 gallons per day
more than at the beginning of the year,

whilst the rainfall was so small as to be
negligible.

In the Nepean and Cataract rivers an

equable how depends almost entirely

upon the distribution of the rain ; thus
at the Cataract, 75 inches of rain in 1873
were of very little more value for water-

supply than 54 inches in the following

year. This was owing to the rainfall in

1874 having been better distributhd than
in the previous year.

If the average daily volume of a

stream be taken as a standard, and a

channel be assumed as capable of carry-

ing off the whole of this quantity, pro-

vided the stream was of the same dimen-
sion each day, the actual discharge of

such a channel would be about 41 per
cent, of the whole discharge of the

stream, the remaining 59 per cent, not
being available from the floods bringing
down a far greater body of water than
the channel could carry off, even though
its capacity were equal to the mean dis-

charge. If the capacity of the channel

were one half the mean daily discharge,

it would convey 26 per cent, of the total

discharge. A channel equal to oue-

fourth of the mean daily flow would carry

off nearly 17 per cent, of that quantity

;

while a channel, with a capacity equal to

one-eighth the mean discharge, would
convey 10 per cent., and one equal to

one-twentieth would yield very nearly 5

per cent., or about as much as its maxi-

mum discharge.

The formula used by the author in

establishing the economical size of chan-
nel is

Hn*-?)
where $ == the equivalent in inches of

rain that would be carried down by a

channel equal to the mean daily discharge

of the stream ; B = the rainfall during

any year, and D=the discharge for such
year in inches of rain. For any channel

of less capacity than the average daily

discharge, the formula becomes

</'
/R D\= G
\i2+Th

where <&= quantity conveyed by channels

of various sizes, c being the coefficient

varying with the size of channel. The
value of c for a conduit equal to the

daily average of the stream feeding the

conduit is 1.00. Table VI.

Table VI.

For conduit equal to 75 per cent. c=0.S35
50 " c=0.(334

" " 25 •' c=0.380
" " 12£ " c==0.253
" " 7| " =0.160

5" " =0.118

Where the proportion between R and
D is known, bs is frequently the case,

the formula becomes
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0= c(l + 3w) R
12

wliere n R= discharge D; and R as

above ; c being the coefficient varying

with the size of the conduit.

The interval to which direct reference

is made in this paper only extends from
1869 to 1876 ; but the whole period

during which gaugings have been taken

has been used for correcting formulas,

or for the purpose of comparison, the

mean results for the restricted period

agreeing with those the whole period

from 1869 to the dresent time.

The formulas and conclusions are in-

tended in the first place to illustrate the

conditions of flow in small mountain
streams in Few South Wales ; but the

circumstances connected with the Austra-

lian climate are not, as is often assumed,
very different from those which obtain in

other parts of the world, and it is there-

fore probable that the experience ac-

quired in New South Wales may be of

use in similar circumstances elsewhere.

THEORY OF MAGNETISM.*
By PEOF. D. E. HUGHES. F. E. S.

From "English Mechanic and World of Science.'

The theory of magnetism, which I pro-

pose demonstrating this evening, may be
termed the mechanical theory of magnet-
ism, and, like the now well-established

mechanical theory of heat, replaces the

assumed magnetic fluids and elementary
electric currents by a simple, symmetri-
cal mechanical motion of the molecules of

matter and ether.

That magnetism is of a molecular na-

ture has long been accepted, for it is evi-

dent that, no matter how much we divide

a magnet, we still have its two poles in

each separate portion ; consequently we
can easily imagine this division carried so

far that we should at last arrive at the

molecule itself possessing its two dis-

tinctive poles ; consequently, all theories

of magnetism attempt some explanation

of the cause of this molecular polarity,

and the reason for apparent neutrality in

a mass of iron.

The influence of mechanical vibrations

and stress upon iron in facilitating or dis-

charging its magnetism, as proved by
Matteucci, 1847, in addition to the dis-

covery by Page, 1837, of a molecular
movement taking place in iron during its

magnetization, producing audible sounds,

and the discovery by Dr. Joule, 1842, of

the elongation of iron when magnetized,
followed by the discoveries of Guilleinin,

that an iron bar bent by a weight at its

extremity would become straight when

* A lecture delivered before the Eoyal Institution,
slightly condensed.

magnetized ; also that magnetism would
tend to take off twists or mechanical
strains of all kinds—together with the re-

searches of Matteucci, Mariana, De la

Rive, Sir W. Grove, Faraday, Weber,
Wiedemann, Da Moncel, and a host of

experimenters, including numerous pub-
lished researches by myself—all tend to

show that a mechanical action takes

place whenever a bar of iron is magnet-
ized, and that the combined researches

demonstrate that the movement is that of

molecular rotation.

De la Rive was the first to perceive

this, and his theory, like those of Weber,
Wiedemann, Maxwell, and others, is

based upon molecular rotation. Their
theories, however, were made upon in-

sufficient data, and have proved to be
wrong as to the assumed state of neutral-

ity, and right only where the experiment-

al data clearly demonstrated rotation.

I believe that a true theory of magnet-
ism should admit of complete demonstra-
tion, that it should present no anom-
alies, and that all the known effects

should at once be explained by it.

From numerous researches I have
gradually formed a theory of magnetism
entirely based upon experimental results,

and these have led me to the following

conclusions

:

1. That each molecule of a piece of

iron, as well as the atoms of all matter,

solid, liquid, gaseous, and the ether it-

self, is a separate and independent mag-
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net, having its two poles and distribution

of magnetic polarity exactly the same as

its total evident magnetism when noticed

.upon a steel bar-magnet.
2. That each molecule, or its polarity,

can be rotated in either direction upon
its axis by torsion, stress, or by physical

forces such as magnetism and electric-

ity.

3. That the inherent polarity or mag-
netism of each molecule is a constant
quantity like gravity ; that it can neither

be augmented nor destroyed.

4. That when we have external neu-
trality, or no apparent magnetism, the

molecules or their polarities arrange
themselves so as to satisfy their mutual
attraction by the shortest path, and thus
form a complete closed circuit of attrac-

tion.

5. That when magnetism becomes
evident, the molecules or their polari-

ties have all rotated symmetrically,

producing a north pole if rotated in a
given direction, or a south pole if rotated

in the opposite direction. Also, that in

evident magnetism we have still a sym-
metrical arrangement, but one whose
circles of attraction are not completed ex-

cept through an external armature join-

ing both poles.

6. That we have permanent magnetism
when the molecular rigidity—as in tem-
pered steel—retains them in a given di-

rection, and transient magnetism when-
ever the molecules rotate in comparative
freedom—as in soft iron.

EXPERIMENTAL EVIDENCES.

In the above theory the coercive force

of Poisson is replaced by molecular rigid-

ity and freedom ; and as the effect of

mechanical vibration, torsion and stress

upon the apparent destruction and facili-

tation of magnetism is well known, I will,

before demonstrating the more serious

parts of the theory, make a few experi-

ments to prove that molecular rigidity

fulfills all the requirements of an assumed
coercive force.

I will now show you that if I magnet-
ize a soft iron rod the slightest mechani-
cal vibration reduces it to zero ; whilst in

tempered steel or hard iron the mole-
cules are comparatively rigid, and are
but slightly affected. The numerous ex-

perimental evidences which I shall show
prove that whilst the molecules are not

completely rigid in steel, they are com-
paratively rigid when compared with the

extraordinary molecular freedom shown
in soft iron. (Experiments shown.)

If I now take a bottle of iron filings, I

am enabled to show how completely
rigid they appear if not shaken ; but the

slightest motion allows these filings to

rotate and short-circuit themselves, thus
producing apparent neutrality. Now I

will restore the lost magnetism by letting

the filings slowly fall on each other under
the influence of the earth's magnetic
force ; and here we have an evident proof
of rotation producing the result, as we
can ourselves perceive the arrangement
of the filings. (Experiment shown.)

If I take this extremely soft bar of

iron, you notice that the slightest me-
chanical tremor allows molecular rotation,

and consequent loss or change of polar-

ity ; but if I put a slight strain on this

bar, so as to fasten each molecule, they

cannot turn with the same freedom as

before, and they now retain then- sym-
metrical polarity like tempered steel, even
when violently hammered. (Experiment
shown.)

We can only arrive at one conclusion

from this exjoeriment, viz., that the reten-

tion of apparent magnetism is simply due
to a frictional resistance to rotation ; and
whenever this frictional resistance is re-

duced, as when we take off a mechanical
strain, or by making the bar red hot, the

molecules then rotate with an almost
inconceivable freedom from frictional

resistance.

CONDUCTION.

You notice that if I place this small

magnet at several inches' distance from
the needle it turns in accordance with

the pole presented. How is the influence

transmitted from the magnet to the

needle? It is through the atmosphere
and the ether, which is the intervening

medium. I have made a long series of

researches on the subject, involving new
experimental methods, the results of

which are not yet published. One re-

sult, however, I may mention. We know
that iron cannot be magnetized beyond a

certain maximum, which we call its satu-

ration point. It has a well-defined curve

of rise to saturation, agreeing completely

with a curve of force produced by the

rotation of a bar magnet, the force of
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which was observed from a fixed point.

I have completely demonstrated by
means of my magnetic balance that our
atmosphere, as well as Crooke's vacuum,
has its saturating point exactly similar

in every respect to that of iron : it has
the same form through every degree. We
cannot reduce or augment the saturating

point of ether ; it is invariable, and equals

the finest iron. We may, however, easily

reduce that of iron by introducing fric-

tional resistance to the free motion of its

molecules.

From consideration of the ether hav-

ing its saturating point, I am forced to

the conclusion that it could only be ex-

plained by a similar rotation of its atoms
as demonstrable in iron.

Reflection would teach us that there
cannot be two laws of magnetism, such
as one of vibrations in the ether and ro-

tations in iron. We cannot have two
correct theories of heat, light, or mag-
netism ; the mode of motion in the case

of magnetism being rotation, and not vi-

bration.

Let us observe this saturation point of

ether compared with iron. I pass a
strong current of electricity in this coil.

The coil is quite hot, so we are very near
its saturation. I now place this coil at a

certain distance from the needle (Sin.)
;

we have now a deflection of 45° on the
needle. I now introduce this iron core,

exactly fitting the interior previously
filled by the ether and atmosphere. Its

force is much greater, so I gradually re-

move this coil to a distance, where I find

the same deflection as before (45°). This
happens to be at twice the distance, or
16in., so we know, according to the law
of inverse squares, that the iron has four
times the magnetic power of the ether.

But this is only true for this piece of

iron ; with extremely fine specimens of

iron I have been enabled to increase the
force of the coil forty times, whilst with
manganese steel containing 10 per cent,

of manganese it was only 30 per cent, su-

perior. We see here that the atmosphere
is extremely magnetic. Let us replace
the solid bar by iron filings. We now
only have twice the force of ether. Re-
place this by a bottle of sulphate of iron
in a liquid state : it is now a mere frac-

tion superior to the atmosphere ; and if

we were still further to separate the iron
molecules, as in a gaseous state, it is

reasonable to suppose that if we could
isolate the iron gas from that of ether,

that iron gas would be strongly diamag-
netic, or have far less capacity than ether,

owing to the great separation of its

molecules. These are assumptions, but
they are based upon experimental evid-

ences, which give them value.

Let us quit the domain of assumption
to enter that of demonstration. Here I
have a long bar of neutral iron. If I
place this small magnet at one end, we
notice that its pole has moved forward
3in., having a consequent point at that

place. Let us now vibrate this rod, and
you notice the slow but gradual creeping
of the conduction until at the end of two
seconds it has reached 14in. The mole-
cules have been freed from frictional re-

sistance by the mechanical vibrations,

and have at once rotated all along the
bar. Let us repeat this experiment by
heating the rod to red heat. You notice

the gradual creeping or increased con-

duction as the heat allows greater mole-
cular freedom. Let us now again repeat

this experiment by sending a current of

electricity through the bar. You notice

the instant I touch the bar with this

wire, conveying the current through it,

that we have identically the same creep-

ing forwards, no matter what direction

of the current. If you simply looked at

the effects produced, you conld not tell

which method I had employed; either

mechanical vibrations, heat vibrations,

or electrical currents. Consequently,
knowing the two first to be modes of

motion, it is fair to assume that an elec-

trical current is a mode of motion, the
manner of which is at present unknown

;

but that there is a molecular disturbance
in each case is evident from the experi-

ments shown.

NEUTRALITY.

If I take this bar of soft iron, intro-

duce it in the coil, and pass a strong elec-

tric current, through the coil, you notice

that it is intensely magnetic, holding up
this large armature of iron and strongly

deflecting the observing needle. I now
interrupt the current, the armature falls,

and the needle only shows traces of the

previous intense magnetization. What
has become of this polarity, or what has

caused this sudden neutrality ? Coulomb
supposes that the magnetic fluids have
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become mixed in each molecule, thus

neutralizing each other. Ampere sup-

poses that the elementary currents sur-

rounding- each molecule have become
heterogeneous. De la Rive, Wiedemann,
Weber, Maxwell, and all up to the pres-

ent time have accounted for this disap-

pearance as a case of mixture of polarities

or heterogeneous arrangement.
My researches proved to me that neu-

trality was a symmetrical arrangement

;

I stated this in my paper upon the the-

ory of magnetism to the Royal Society

last year. I have since made a long se-

ries of researches upon this question,

which demonstrate beyond question—1.

That a bar of iron under the influence

of a current or other magnetizing force

is more strongly polarized on the outside
than in the interior ; that its degree of

penetration follows the well-defined law
of inverse squares up to the saturation

point of each successive layer. 2. The
instant that the current ceases a reaction

takes place, the stronger outside react-

ing upon the weaker inside, completely
reversing it, until its reversed polarity

exactly balances the external layers.

We might here suppose that there ex-

isted two distinct polarities at the same
end of a neutral bar, but this is only par-

tially true, as the rotation of the mole-
cules from the inside to the exterior is

a gradual, well-defined curve, perfectly

marked. In a large solid bar the reversed
polarity would be in the interior ; but in

a thin bar, under an intense field, the re-

versed polarity would be on the outside.

Thus, a bar which had previously strong
north polarity under an external influ-

ence would, the instant it formed its neu-
trality, have a north polarity in the inte-

rior covered or rendered neutral by an
equal south exterior, the sum of both
giving the apparent neutrality that we
notice.

If I take this piece of soft steel and
magnetize it strongly it has a strong re-

maining magnetism, or only partial neu-
trality. If I now heat this steel to red-
ness, or put it into a state of mechanical
vibration, the remaining magnetism al-

most entirely disappears, and we have ap-

parent neutrality. This piece of steel

being thin (^ millimeter), I know that
the outside is reversed to its previous
state. I place this piece of steel in a
glass vase near the observing needle,

and at present there seems no polarity.

I now pour dilute nitric acid upon it, fill-

ing up the vase. The exterior is now
being dissolved, and in a few minutes you
will see a strong polarity in the steel, as

the exterior reversed polarity is dissolved

in the acid.

Let us observe this by a different

method. I take two strips of hard iron,

and magnetize them both in the same di-

rection.

If I place them together and then sep-

arate them, there seems no change, al-

though in reality the mere contact pro-

duced a commencement of reversal. Let
us vibrate them whilst together allowing

the molecules greater freedom to act as

they feel inclined ; and now, on separat-

ing, we see that one strip has exactly the

opposite polarity to the other, both ex-

tremely strong, but the sum of which,
when placed together, is zero, or neu-
trality.

Let us take two extremely soft strips

placed together and magnetized whilst

together. On withdrawal of the indu-

cing force the rods are quite neutral.

We now separate these strips, and find

that one is violently polarized in one di-

rection, whilst the other is equally strong

in the reversed, the sum of both being
again zero.

We might suppose that the reaction is

due to having separate bars. I will now
demonstrate that this is not the case by
magnetizing this large f-in. bar with a

magnetizing force just sufficient to ren-

der the rod completely neutral when
held vertically or under the earth's mag-
netic influence.

You notice that it is absolutely neu-

tral, all parts as well as the ends showing
not the slightest trace of polarization. I

reverse this bar, and you perceive that it

is now intensely polarized. This is due
to the fact that the earth's influence un-

covers or reverses the outside molecules,

and consequently they are now of the

same polarity as its interior. Upon re-

versing this rod the magnetism again

disappears, and reappears if turned as

previously. We have thus a rod which
appears intensely magnetic when one of

its ends is lowermost, whilst if that same
end is turned upwards, all traces of mag-
netism disappear.

IXERTIA.

I have remarked in my researches that
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tlie molecules have true inertia, that they

resist being put in motion, and if put in

motion will vanquish an opposing resist-

ance by their simple momentum. To il-

lustrate this I take this large f-in. bar

magnetize it so that its south pole is at

its lowest end. We know that the earth's

influence is to make the lower end north.

I now gently strike it with a wooden
mallet, and the rod immediately falls to

zero. I continue these blows, but the

rod obstinately refuses to pass the neu-

tral line to become north, the reason be-

ing in so doing it would have to change
the whole internal reversed curve that I
have discovered. It requires now ex-

tremely violent and repeated blows from
the mallet to make it obey the earth's in-

fluence.

Let us repeat this experiment by start-

ing the molecule rapidly in the first in-

stance. The rod is now magnetized
south, as before. I give one single sharp
tap ; the molecules run rapidly around,
pass through neutrality, breaking up its

curve, and arrive at once to strong north
polarity.

A very extraordinary effect is shown if

we produce this effect by electricity ; it

then almost appears as if electricity it-

self had inertia. I take this bar of hard
iron and magnetize it to a fixed degree.

On the passage of the current you notice

that the magnetism seems to be increased
as the needle increases its arc, but this

is caused by the deflection of the elec-

tric current in the bar. The current is

now obliged to travel in spirals, as my re-

searches have proved to me that electric-

ity can only travel at right angles to the

magnetic polar direction of a molecule,

consequently in all permanent magnets
the current must pass at right angles to

the molecule, and its path will be that of

a spiral. Let us replace this bar by one
from a similar kind of iron, well annealed.

The molecules here are in a great state

of freedom. "We now magnetize this

rod to the same degree as in the previous

case ; the electric current now, instead

of being deflected, completely rotates the
molecules, and the needle returns to

zero, all traces of external magnetism
having ceased. The electricity on enter-

ing this bar should have been forced to

follow a tortuous circular route ; its mo-
mentum was, however, too great for the

molecules, and they elected to turn, al-

lowing the electricity to pass in a straight

line through the bar. Thus, in the first

instant, magnetism was the master di-

recting the course of the current ; in the

last it became its servant, obeying by
turning itself to allow a straight path to

its electric master.

SUPERPOSED MAGNETISM.

It is well known that we can suppose a

weak contrary polarity upon an internal

one of an opposite name. I have
been enabled thus to superpose twenty
successive strata of opposite polarities

upon a single rod by simply diminishing
the force at each reversal. I was anxious
to prepare a steel wire so that in its ordi-

nary state it would be neutral, but that,

on giving it a torsion to the right one
polarity would appear, whilst a torsion to

the left would produce the opposite po-

larity. This I have accomplished by
taking ordinary soft steel drill wire and
magnetizing it strongly whilst under a

torsion to the right, and more feebly with
an opposite polarity when magnetized
under torsion to the left.

The power of these wires, if properly

prepared, is most remarkable, being able

to reverse their polarity under torsion, as

if they were completely saturated; and
they preserve this power indefinitely if

not touched by a magnet. It would be
extremely difficult to explain the action

of the rotative effects obtained in these

wires under any other theory than that

which I have advanced, and the absolute

external neutrality that we obtain in

them when the polarities are changing
we know, from their structure, to be per-

fectly symmetrical.

I was anxious to show some mechani-
cal movement produced by molecular ro-

tation, consequently I have arranged two
bells that are struck alternately by a po-

larized armature put in motion by the

double polarized rod I have already de-

scribed, but whose position, at three cen-

timeters distant from the axis of the arm-
ature, remains invariably the same. The
magnetic armature consists of a horizon-

tal light steel bar suspended by its cen-

tral axle ; the bells are thin wine-glasses,

giving a clear musical tone, loud enough,

by the force with which they are struck,

to be clearly heard at some distance.

The armature does not strike these alter-

nately by a pendulous movement, as we
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may easily strike only one continuously, the

friction and inertia of the armature causing

its movements to be perfectly dead beat

when not driven by some external force,

and it is kept in its zero position by a

strong directive magnet placed beneath

its axle.

The mechanical power obtained is ex-

tremely evident, and is sufficient to put

the sluggish armature in rapid motion,

striking the bells six times per second,

and with a power sufficient to produce
tones loud enough to be clearly heard in

all parts of the hall of the institution.

There is nothing remarkable in the

bells themselves, as they evidently could

be rung if the arrnature was surrounded
by a coil and worked by an electric cur-

rent from a few cells. The marvel, how-
ever is in the small superposed steel mag-
netic wire, producing by slight elastic

torsions from a single wire, 1 mill, in di-

ameter, sufficient force from mere mole-

cular rotation to entirely replace the coil

and electric current. (Experiment shown
by ringing the bells by the torsion of a

small xg--in - wire placed 4in. distant from
bell-hammer.)

CORRELATION OF FORCES.

There is at present a tendency to trace

all physical forces to one, or rather a va-

riation of modes of motion. In my last

experiment the energy of my arm was
transformed in the wire to molecular mo-
tion, producing evident polarity ; this,

again, acted upon the ether, putting the

needle-hammer into mechanical motion.

This by its impact upon the glass bells

transformed its motions into sonorous vi-

brations ; but this does not mean that we
can convert directly sonorous vibrations

into magnetism, or vice versa.

Let us take this soft iron rod ; it seems
quite neutral, although we know that the

earth's magnetism is trying to rotate its

molecules to north polarity at its lowest

extremity. We now put it in mechanical
vibration by striking it gently with a

wooden mallet ; the molecules at once
rotate, and we have the expected strong

north polarity. Let us repeat this ex-

periment by employing heat, and here,

again, at red heat an equally strong
north polarity appears.

Again we repeat, and simply pass an
electric current of no matter what direc-

tion ; again the same north pole appears.

Thus, these forces must be very similar

in nature, and may be fairly presumed to

be vibrations, or modes of motion, hav-

ing no directive tendency, except a slight

one, as in the case of electricity ; for the

same three forces render the rod per-

fectly neutral, even when previously mag-
netized, when placed in a longitudinally

neutral field, as east and west.

Motion of the molecules gives rise to

external magnetism to a rod previously

neutral, or renders it neutral when pre-

viously magnetized; in other words, it

simply allows the molecules to obey an
external directing influence ; the only
motion, therefore, is during a change of

state or polarity. If there is constant
polarity there is no consequent motion
of the molecules ; in fact, the less motion
of any kind that it can receive, the more
perfect its retention of its previous posi-

tion ; consequently, constant magnetism
cannot be looked upon as a mode of mo-
tion, neither vibratory nor rotatory. It

is an inherent quality of each molecule,
similar in its action to its chemical af-

finity, cohesion, or its polar power of

crystallization. A molecule of all kinds
of matter has numerous endowed quali-

ties ; they are inherent, and special in

degree to the molecule itself. I regard
the magnetic endowed qualities of all

matter or ether to be inherent, and that
they are rendered evident by rotation to
a symmetrical arrangement in which
their complete polar attractions are not
satisfied.

Time will not allow me to show how
completely this view explains all the
phenomena of electro-magnetism, diamag-
netism, earth currents—in fact, all the
known effects of magnetism — up to
the original cause of the direction of the
molecules of the earth. To explain the
first cause of the direction of the mole-
cules of the earth would rest altogether
upon an assumption as the first cause of
the earth's rotation, and of all things,

down to the inherent qualities of the
molecule itself.

The mechanical theory of magnetism
which I have advocated seems to me as
fairly demonstrable as the mechanical
theory of heat, and it gives me great
pleasure to have been allowed to present
you with my views on the theory of niao--

netism.
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TRANSMISSION OF POWER BY BELTS,
ROPES.

CORDS, AND WIRE

By GEORGES LELOUTKE.

From Abstracts of the Institution of Civil Engineers.

A former abstract of a paper by the
author upon this subject gave a summary
of his researches ; and these have since

been detailed in the present extensive

essay, to which was awarded in 1881 a

gold medal offered to competition.

Having found that so-called practical

formulas and rules are seldom of much
value, in consequence of being made too
general, the author twenty years ago
began experiments of bis own, which he
has recently extended and rendered
more complete. In his two first chap-
ters he examines the facts relating to the

stretching, elasticity, breaking, and slip-

ping of cords and belts. Most of these

facts run counter to the notions generally

entertained. Above all, the influence of

time on the elongation and breaking
strain of belts, cords, and webbing, can-

not be neglected.

The experiments on the elongation,

elasticity, and breaking strength of belts

were all made with dead weights, as de-

scribed in the former abstract, so as to

avoid the error arising from friction in

testing by any lever machine. Detailed
particulars are given of thirty experi-

ments, the results of which are analyzed.

The elastic stretching of leather belts

under tension is by no means propor-
tional to the strain : the amount of

stretch increases much less rapidly than
the strain, or, in other words, the modu-
lus of elasticity rises with the strain.

The resistance to stretching is greatest

when the strain reaches about 850 lbs.

per square inch of sectional area in

leather belts ; and in india-rubber and
webbing at a rather lower strain. How-
ever rapid the stretching during the first

hour, a considerable further elongation

takes place when the strain is continued
for two or three weeks ; but two or three

days' continuance is long enough to give

a sufficiently accurate result for practical

purposes.

In respect of elasticity, belts are

never in practice at rest or relaxed long
enough to recover wholly from their

stretching. Even when at rest, a belt

that remains on its pulleys continues to

sustain throughout its length a strain

equal to the mean between that on the

driving and that on the trailing span
when running. The elasticity of ordinary
new leather is remarkable: a thong of

very common leather, breaking at 2,280
lbs. per square inch, stretched as much
as 22 per cent., of which it recovered at

once rather less than half; and after

fifteen months' rest it had returned to

exactly its original length. There ap-

pears indeed to be no true permanent set

for leather ; it stretches to the same ex-

tent whether broken under a rapidly in-

creasing load or under one applied for a

long period, but in the former case it

recovers more readily than in the latter.

The breaking strength for belts of all

materials is from half as much again to

twice as much when the load is increased

up to the breaking strain in a few hours,

as when that strain is slowly reached in

the course of five or six months. In

ordinarily good leather the breaking
strain when reached in an hour or two
will be as high as 4,300 to 4,800 lbs. per
square inch ; but under loads slowly

applied it will be only 2,850 lbs., and
even less. India-rubber is rather weaker.

Hence any results arrived at in trials that

last only a few hours must be reduced in

the above ratio for practical use. Though
the strongest leather is not that which
stretches least, yet in practice the mis-

take is generally made of looking for

belts not to want tightening up too fre-

quently, without regard to whether they
are working at one-third or at one-sixth

of their breaking strength. For a belt

to last, however, the latter consideration

is the more important : the leather em-
ployed should be the strongest and most
elastic ; and frequent tightening may
readily be obviated by the simple expe-

pedient of subjecting a fresh belt for

some days before using it to a tension of

from 1,050 to 1,450 lbs. per square inch.

Some belts are made of leather that has
been compressed in thickness by calen-

dering ; but the leather recovers its
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original thickness, just as it does its

shortness after stretching. The tension

which the author has been led to adopt
for leather belts in practical working is

from 640 to 780 lbs. per square inch, in-

stead of the much lower strains generally

recommended of only 200 to 350 lbs.

The tensile strength does not appear to

be impaired by repeated breakages.

Hence the permanent load on belts may
be made high, without fear of over-

straining them or impairing their elastic-

ity, their greatest strength being appar-

ently developed under a tension of about
850 lbs. per square inch. Trying an-

nealed iron wire, by way of analogy or

contrast, the author found its breaking
strength unaffected by the time occupied
in testing ; the first fracture diminished
its elasticity, when thoroughly annealed,

but not its strength ; it undergoes sud-
den elongations after several days, to a

greater or less extent according as the
load is heavier or lighter; and lastly,

under a load applied for a length of time,

the stretch on breaking is about a third

of what it is when the wire is broken in

only about an hour's testing.

As to slipping, a very common mistake
in practice is to suppose that the coeffi-

cient of friction, or ratio between the
tensions of tbe chiving and trailing spans
of a cord or belt, increases with the size

of cord or breadth of belt or diameter of

pulley. But so long as the arc of con-
tact on the pulley contains the same
number of degrees, the size of cord,

breadth of belt, and surface of contact,

have absolutely no effect on the ratio be-
tween the two tensions at the moment
when slipping is on the point of taking
place. On this head the author's experi-

ments are conclusive, ranging as they do
from sewing thread up to hemp and
cotton cords of 1£ inch diameter, and
from leather thongs only § inch wide up
to belts 12 inches broad, with pulleys of

from 8 inches to 8 feet diameter, on
which the surface of contact varied in

the ratio of 1 to 500, while the arc of

contact ranged from half a turn (180°)

up to 3^ turns. "What does modify the
coefficient of friction for belts is their

greasiness, and especially the degree of

polish of the pulley-rims on which they
run.

Throughout the author's experiments
the coefficient of friction was found to

be nearly constant : it ranges from 0.070

to 0.075 for new cords, and from 0.000

to 0.180 for new leather belts that have
not run long enough to get saturated

with swarf ; for old belts covered with a

layer of dirt the coefficient is much
higher ; and when the pulleys are imper-

fectly polished it may rise to 0.300 and
upwards. The coefficients commonly as-

sumed are at least twice as high as these.

When the pulley-rims are rounded over

slightly convex in transverse section, the

friction is rather less than when they are

flat ; for pulleys above 6 or 7 feet diam-
eter the difference is immaterial. For
well-greased belts the coefficient of fric-

tion diminishes as the tension increases ;

but this is only because the grease gets

partly squeezed out when the belt runs
tighter over the pulleys. The experi-

ments were made by keying a pulley fast

on a fixed horizontal shaft, and hanging
a belt over it with equal weights at each
end, and then gradually increasing the
load on one end till the belt slipped. The
trial must be continued long enough, be-

cause a load insufficient to cause in a few
seconds any perceptible slip will produce
a considerable slip in the course of hours.

On the other hand, as the steady experi-

mental pulley is free from the jar that

occurs in all running pulleys, the adhe-
sion is higher upon it than in actual

practice. Moreover at high speeds of

from 2,000 to 6,000 feet per minute a

belt draws air in between itself and the

pulley-rim, whereby the adhesion is im-
paired ; this can be obviated by slotting

holes at intervals through the rim, paral-

lel to its edges, and the belt will thereby
be kept running straight on the pulley.

The particulars and results are given
in detail of eight experiments with cotton

cords, ten with hemp cords, twenty-one
with leather belts, and one with an india-

rubber belt. From these experiments
the author is led to adopt the following

minimum values for the coefficient of

friction, which give the corresponding
ratios for the tensions of the driving and
trailing spans when on the verge of slip-

ping, the arc of contact with the pulley

being 180° in each case. For new cotton

or hemp cords, coefficient 0.075 ; ratio of

tensions 1.27 to 1.00 for pulleys with
flat rims, to 1.45 to 1.00 for pulleys

with semicircular grooves or with V
grooves having an angle of S0°, the nip-
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ping of cord in the groove being neg-
lected. For ordinary new leather belts,

coefficient 0.155, ratio 1.67 to 1.00. For
new india-rubber belts, and for well-

greased old leather belts, coefficient

0.200, ratio of tensions 1.90 to 1.00. No
account is taken of extra adhesion from
the pulley-rims being imperfectly polished
or merely turned, because in working
they gradually become more and more
polished by the stretching of the belt

upon them under the load.

The practical examples, by which in

his third chapter the author illustrates

the application of his results to actual
belt gearing, comprise the transmission
of 42, 80, 280 and 700 horse-power by
leather belts, and of 60 horse-power by
an india-rubber belt: with regard to

each of which the whole of the particu-

lars are fully detailed and analyzed, in-

cluding the description and strength of

the belts, the loads on the bearings of

the flywheel and pulley-shafts, the
strength of the flywheel, the mode of

joining the ends of the belt, and the
relative advantages of cords and belts.

Owing to the damaging effects of cen-

trifugal force on lap-jointed belts, prefer-

ence is given to butt-joints stitched with
either one, two, or three thongs, through
four rows of holes sjoaced zigzag, the
stitching being so done as to range the
thongs all parallel to the edges of the
belt on its inner face, and diagonally on
its outer ; the thongs should be of very
supple leather, such as the white hronen-
leder (crown-leather) obtained from Swit-
zerland. Attention is drawn to the
importance of flywheels being properly
proportioned to the trains of toothed
gearing they control, the flywheel being
often made too heavy. The construction

and strength of pulleys with curved arms
is examined at much length. In regard
to the relative friction with belts or cords
and with toothed gearing, it is shown
that theoretically the advantage is always
more or less on the side of belts or

cords ; while a practical confirmation of

this conclusion is furnished by the in-

stance of a sinnning mill, in which
toothed gearing driving 18,000 spindles

was replaced by belts, with a saving of

20 per cent, in friction or 3^- per cent, on
the effective driving power transmitted

;

and in no case do belts practically cause
more friction than toothed gearing. The

particulars are furnished of three ex-

amples where driving by belts did not
prove thoroughly successful ; and the

conditions are pointed out which led to

the less satisfactory results.

The fourth and concluding chapter

treats of the loss through friction and
other dead resistances in transmitting

power through great distances by means
of wire ropes. This loss the author
considers can be brought down as low as

30 or even 20 per cent, in transmitting

power by ropes through distances of 6

to 7 miles and upwards. While electric

transmission may be employed in connec-

tion with great mountain waterfalls,

water-power nearer at hand may be
utilized advantageously through ropes.

The heavy outlay in each case is the

same, being that incurred in constructing
the necessary leats, or head and tail races,

and in erecting the hydraulic motors
themselves. The coefficient of friction

for an iron wire rope in a round bot-

tomed pulley groove that is lined with
leather standing an end is found by the

author's experiments to be 0.220 for half

a turn round the pulley. From experi-

ments at a spinning mill at Oberursel,

Nassau, to which water-power is trans-

mitted through iron wire ropes from a

distance of 3,150 feet in eight spans of

about 394 feet from pulley to pulley, it

was found that, when using the maximum
quantity of water, equivalent to 175 HP.,
the useful effect, tested by friction brake
at the mill, was not more than 99 HP., or

only 56 per cent. The aggregate loss of

power, through friction of pulley bear-

ings, stiffness of ropes, and resistance of

air, ranged between 11^ and 12 HP. for

seven of the above spans together. The
ropes were 0.59 inch diameter, and ran
at about 55 to 60 miles an hour in ordi-

nary working ; the pulleys were 14.8 feet

diameter, the weight of each with its

cast iron axle being about 28 cwts. From
these experiments the author deduces
0.090 as the coefficient of friction for the

pulley bearings, 0.092 as the coefficient

of stiffness of the iron wire ropes, and
0.000451 as the coefficient of air-resist-

ance to the pulley arms. These coeffi-

cients are discussed, and confirmation is

obtained for them from a comparison
with those hitherto accepted under dif-

ferent forms from recognized authorities

upon the subject.
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ARRANGEMENTS FOR THE PREVENTION AND EXTINCTION
OF FIRES IN THEATRES.

By ERNEST A. E. WOODROW, A.R.I.B.A.

From the "Journal of the Society of Arts."

Theatres should be entirely fire-resist-

ing, and have nothing in their construc-

tion that will readily ignite, so that the

ordinary methods of extinguishing fire

will suffice. This can be attained by
giving due consideration and study to

the planning and the materials of which
the building is constructed. How these

buildings can be planned and construct-

ed, carrying out a safer system than at

present, is what I would wish to try and
point out in as brief a manner as pos-

sible, touching, it is feared but imperfect-

ly, on only some of the most important
points.

When the principal material employed
in the construction is thin wood, as is, or

perhaps I should say was, so often the

case, no possible hope of safety could
be entertained either for the building or

the public frequenting it.

That a theatre can be made safe in

spite of the special dangers from the

class of business carried on in it, there

cannot be a doubt in the mind of any one
who has given attention to the subject.

Like every other class of building the

special risks attending it can only be
known by becoming thoroughly ac-

quainted with the business carried on
in it, and the special mode of conducting
such business, with the accompanying-
dangers. Until this is ascertained, no
one can possibly plan a theatre to avoid
these risks, and ensure the safe and easy
working of the house.

A theatre, of all buildings, should have
a place for everything, and everything in

its place ; and it is necessary to know
what this everything is before the place

for it can be provided.

The first step to be taken is to provide
such means in the planning of the house
as to enable the people to get out of the
building in the shortest possible time, at

the slightest provocation, in every way
lessening the dangers from panic. Then,
the construction of a theatre, and the ma-
terials used, should be such as to render it
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wholly fire resisting ; this can be aided
greatly by the manner in which the va-

rious departments are placed with rela-

tion to each other.

As a theater can be made fire resisting

no house should be allowed to remain
open which is not so. It is no good to

patch up the old wooden edifices with
sheet iron and pugging, and expect that

tbe buildings will be any the safer. If

such theatres still exist in any part of

the kingdom, they should be closed, even
if the loss is sustained by the public

themselves. When the slightest fire

commences in one of these flimsy struct-

ures, as was seen at the fire at the Al-

hambra, no efforts, either from external

or internal aid can possibly extinguish it.

Judgment in the choice of materials

with which to construct the building, re-

quires such great care and study that too
much importance cannot be placed on
this branch of the subject. The mate-
rials employed for the erection of places

for the assembly of the public, whether
for amusement, instruction or devotion,

must be, in every sense of the words,
"the best of their several kinds." The
scantlings, or thicknesses, must be far

in excess of what would apj)ear to be
necessary for the actual or present work
which they have to perform, so that they
may resist any shock or pressure that

may from any cause be brought on them.
In short, a theatre must, of necessity,

in comparison with other buildings, be
exceedingly costly. In this I refer only
to the structural portions, leaving all dec-

orations out of the question. In dealing

with buildings where human beings are

"packed,'' surely more care should be be-

stowed upon their construction than upon
warehouses or factories. But as long as

cheap theatres are erected danger will be
rife.

Planning and Construction for Preven-
tion of Fire.

No theatre should be allowed to stand
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that is " herunied in on all sides with a

narrow entrance, as a frontage in a public

thoroughfare sufficient to carry a flaming

gas device." The dangers accruing from
the surrounding property are often as

great as those in the theatre itself. In
no case should people be allowed to live

and sleep in or about this class of build-

ing ; the many risks necessarily attend-

ing them through their own special trade

should not be increased by the dangers
generally to be met with in the dwellings

of the lower class ; and a building, or

part of a building, not designed for the

special business of a theatre, should
never be used for such purposes, as it is

nearly sure to be unfit for them.
The site should be isolated on all sides,

wide streets running all around the

building ; but as this is difficult to obtain

in crowded cities, a theatre might be de-

signed with comparative safety having
one side touching other buildings. To
obtain perfect safety a site isolated on all

sides should be insisted on.

The most importent item in the plan-

ning is what might be called the party-

wall system, making every division of a

theatre a separate building, with as fewr

openings connecting the various sections

and sub-sections as the smooth working
of the house will allow. Commencing
with the back of the building, I should

place the workshop section, divided from
the main building by an open area ; then

the stage, with dressing-rooms and wings
on either side ; then, of course, follows

the auditorium the corridors, the stair-

cases, and the offices and saloons. Each
of these many sections must be divided

from the other, vertically, by strong

brick walls, with the openings closed by
fire-resisting doors, and, horizontally, by
fire resisting floors.

The various divisions within each sec-

tion should be again separated by brick

walls and strong, fire-resisting floors, so

that, should One room be burnt out, no
other part of the building would suffer.

This system applies throughout the whole
building.

The position of the workshops should
be such as to ensure an entirely separate

building, connected with the theatre by
one opening only, which should be closed

by a double fire-resisting door, which
door should on no account be allowed to

open during a performance. Should

space permit, the open area should be
made 12 feet wride between the theatre

proper and the workshops.
Where no area can be obtained, a thick

brick wTall passing through and above the

roof should divide the workshop section

from the stage section.

All stores for scenery, properties, &c.,

not in immediate use should be in this

building.

The painting gallery might be placed

over the workshops, getting a top studio

light, which should be protected by
strong wire guards against falling sparks

or materials. There is no special danger
from scene painting, oil not being the

medium used, as is sometimes supposed.

The stage is too often used as a car-

penter's shop. This should never be al-

lowed ; the many dangers thus incurred

need no pointing out; yet it is strange
that seldom is a special room provided
for the carpenters. The work in some
houses was carried on over the auditori-

um ceiling, but this is happily stopped.

A special workshop should always be pro-

vided.

Dressing-rooms might be placed on
either side of the stage for males and fe-

males, being divided from the stage hori-

zontally by brick arches, and vertically

by brick walls. Fire-resisting staircases

and separate exits into the street are

necessary for each wing, as also for the

workshop.
The fire places, where provided hi the

dressing-rooms, should be protected by
tall wire guards. A complete system of

heating throughout by hot-water pipes

is, however, preferable to open fire-

places.

The stage-floor and sliders must of ne-

cessity be of wood, for setting the scenes,

but much on the machinery might be
made of iron, keeping somewhat the same
forms nOw used in wood, and making a

stiffer stage, which could be more easily

manipulated.

On a level with the stage floor there

must be ample room for scene docks, for

storing the scenes in nightly use, while

shifting from one set to another. The
mezzanine and cellars should be used
only for the machinery for working the

stage, and on no account should the

stowage of rubbish or scenery be allowed

here—it never would if proper provision

were made for it elsewhere. It is here
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that the stage carpenter does such infin-

ite harm with his match-board erections,

after the building is out of the hands of

the architect.

The band and other rooms are at times

but portions of the mezzanine, match-
boarded off as if they had been forgotten

when making the plans (which is more
than likely). Proper accommodation
must be supplied for band, band master,

stage-manager, firemen, bill-sticker, prop-

erty-master, &c, &c.

The gridiron above the stage must be
made sufficiently strong to carry the

weight of the cloths, &c. Cases have
been known where it has given way un-

der the weight of the scenery, and let

everything in dangerous confusion down
on to the stage. The construction of the

gridiron, flies and flyrails should be of

iron. Communication is necessary from
the flies to the stage, to enable the flymen
to escape.

The stage should be divided from the

auditorium by a thick, solid brick pros-

cenium wall, which wall should go be-

tween the orchestra and mezzanine, and
be ai'ched over the opening, passing
through and above the roof. There need
only be one opening in this wall, in ad-

dition to the large or proscenium open-
ing, namely a pass door from the stage to

the auditorium.

A separate fire-resisting passage way
should be provided for the exit of the

orchestra, so that the musicians may
avoid passing either through the audience
or under the stage to gain the street.

The stage should undoubtedly be cut
off from the auditorium by some sort of

fire-resisting or smoke-proof curtain.

The failure of some of the iron curtains

used on the Continent and in America
has shown that they are not always to be
relied on, but they must be of some use
in retarding the progress of the flames.

A double thick felt or cloth curtain,

made bag shaped, and a water spray
along the top that would damp the cur-

tain whenever it was lowered, suggests
itself as a method for shutting off the

stage. Water curtains have been pro-

posed, but as these could not be periodi-

cally tested on account of the destruction

of property that would ensue, they can-

not be recommended. Whatever is adopt-
ed must be in constant use, for anything
designed to act only in case of need, or

upon the outbreak of fire is often liable

to fail at the very moment when it is

most needed. Eveiything in and about
a theatre must be always in use to be of

any good. Where automatic appliances
are provided, people are apt to put such
faith in them that they ignore the ordi-

nary and essential means of fighting

against fire, and become careless of the
importance of the great danger. An
" emergency " curtain coming down un-
expectedly in the middle of the perform-
ance would be but the signal for a panic.

Appliances requiring the presence of the
flames which they are supposed to extin-

guish before they can act, cannot be too
strongly condemned.

I repeat, and cannot insist upon it too
strongly, all appliances must be made so
that there will be no way of using them
nightly. Therefore the smoke-proof cur-

tain and the painted act drop should be
made to fall always together.

The scenery should be protected by
applying some of the numerous solutions

recommended by our chemists, and all

drapery should be similarly treated.

The woodwork m and about the stage
should be periodically painted with asbes-

tos paint, or other fire-resisting liquid,

and no precaution left untried to mitigate
the danger from fire.

In dealing with the stage, we have to

contend with that portion of the house
where there is the most danger from fire,

the immense amount of gas used nightly,

and sometimes in a careless manner, as

pipes are being constantly connected and
disconnected during the performance,
causing small escapes near naked lights,

makes one wonder that accidents occur
as seldom as they do.

All lights must be protected by wire-

guards, and an arrangement should always
be used whereby the gas is automatically
cut off at the place where the union is

made during the process of shifting vari-

ous battens, ground-lights, &c.

The gas should be under the control of

a practical gas man, with a sufficient staff

of subordinates. This man should be
stationed at the gas plate, which is fixed

on the stage during the performance, on
which plate each cock should be labeled
indicating what section of the light it,

governs, so that no error can possibly be
made, and the wrong part of the house.;

put in darkness.
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The mode of lighting up should be by
the electric spark, and not by naked
lights. The "flash" system should be
applied to all battens and hanging lights,

avoiding the use of the spirit, cotton, and
cane moving among the scenery. "When
the electric light is used, many of the

dangers of stage illumination will be done
away with ; yet great care will have to be
taken in the manipulation of the light,

which need not be touched on here.

The gas-meters should be placed in a

specially prepared and ventilated room.

The supply pipes must be of hard metal,

visible, and coated to prevent corrosion.

There should be a cut-off tap near the

stage door, to turn off the gas from with-

out in case of fire. Separate meters

should be provided for every section of

the house, and a double supply laid on to

each. Every set of staircases, corridors,

offices, dressing-rooms, workshops, as well

as the stage and auditorium, should have

a dual system of lighting.

Every burner should be protected by
an incombustible guard, and fixed away
from woodwork or inflammable material,

with a metal flue over it. In the parts of

the house frequented by the rougher

class, the lights should be encased, or

locked up, or placed out of reach.

Sun-burners are preferable to gasoliers

;

these must be periodically cleaned, and no
woodwork fixed near them. Access should

be provided to them from the roof.

Oil lamps should be placed about the

buildings in all sections, in conspicuous

positions, but out of the reach of the

public, to take the place of gas on its

extinction. Colza oil has been found
preferable to any other. Ked lamps, with

the word " Exit " in white, should be
placed over the exit doors. All lamps
should be lit and in their places before

the doors are open, and the gas, both on
the stage and in the auditorium, should

be lit before the audience is admitted.

Gas-burners fixed so that they can be
tampered with are among the most pro-

lific sources of producing fire. There
should be no jointed brackets or swinging
pendants ; every fitting must be fixed,

and all joints and appliances examined
and approved before the house is licensed.

Proper precaution should be taken in

the manipulation of the lime light, and
the bags kept outside the buildings.

Provision for plenty of light should be

made to enable the use of artificial light

being discontinued during the day, thus

avoiding one of the greatest risks in the-

atres, namely, the careless handling of

lamps, candles, or matches. It is a fre-

quent habit to drop the end of a semi-

burnt match, and one to which great

danger is attached. There could never

be a greater mistake than making a the-

atre dark. The business could be better

carried on if there were plenty of daylight,

and the accumulation of the dirt of years

would not then be suffered to remain
unremoved, ready to flare up on coming
in contact with the slightest spark. A
theatre, for everybody's comfort, should
be clean ; but as long as it remains dark,

it will be dirty and dangerous. There-

fore, the removal of rubbish should be
insisted on daily, or an external furnace

provided in which it could be consumed.
The roof should have easy access from

various points, and be provided with cat

ladders, leading from the different levels,

to enable firemen to get about with ease.

There should be a parapet wall all round
to protect the firemen. The construction

of the stage roof should be of iron ; if of

wood, the constant changes of tempera-
ture to which it would be subject, and. the

enormous heat, would desiccate the

trusses and rafters, and convert them into

something little better than touchwood,
which would readily ignite.

A better mode of constructing an audi-

torium roof could not be cited than that

of the new Alhambra Theatre, where iron

and concrete, with a covering of asphalte,

are the materials used. The ceiling of

the auditorium should be formed of fire-

resisting materials, such as Jackson's

fibrous plaster, and never of canvas.

There should be no space over the ceiling

available for store or workshop.
The several divisions of the audience

should each have their separate entrances,

exits, passages, corridors, staircases, sa-

loons, lavatories, &c. The best method
of planning this portion of the house,

having in view the safety of the people,

would be to bring everybody as near the

level of the street as possible. To do
this, place the dress circle on the street

level, go down to the pit, and up to the

upper circle and gallery. By adopting

this method, the various sections of the

audience would have a better chance of

gaining the street, the distances being
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more distributed. The fact of the build-

ing not being so high as it would be if

the pit were on a level with the street,

would give a better chance of aid in case

of fire ; and as the parts occupied by the

administrative officers need not be carried

so high as the main building, an interme-

diate roof could be obtained, whereby the

principal roof could be easily reached
from without. The people in the pit,

being below the level of the street, would
not be in any danger, as in going upstairs

a crowd is not likely to stumble, there

not being the same risk as when coming
down stairs.

Each section of the audience should
have two entrances and exits, one on each
side of the house, such exits and their

approaches leading directly into the

street, and these should be used only by
that section of the audience for which
they are designed, there being no pass-

doors or emergency exits leading from
other parts of the house into them. A
door that is known as an " emergency
door " is only a trap ; when opened, it, as

a rule, leads into a corridor or staircase

already full of people from another part

of the house. All exits must be en-

trances, and entrances exits, and used
nightly.

Staircases and passage-ways should be
from 4 ft. 6 in. to 5 ft. wide. Where this

width is insufficient for the number of

people, an extra staircase should be pro-

vided rather than additional width being
given beyond the 5 ft. The corridors

immediately outside the various tiers

should be of sufficient width to take the
people occupying such tiers without
crushing. These corridors must be di-

vided from the auditorium by brick walls,

and the openings fitted with fire-resisting

doors.

There should be no winders or steps at

half landings in the staircases, as all such
are dangerous in a moving crowd. The
flights should not be of more than eight

or ten steps, and the treads and risers

should be of easy and uniform go
throughout. All steps and landings must
have at least 4J inches bearing on solid

brick walls at both ends, and arches
should be turned under the landings.

Strong hand-rails, on brackets built

into the walls, should be fixed to both
sides of all flights of steps and landings,

leaving a space of three inches clear be-

tween the wall and the hand-rail. To
acquire this, a chase should be cut in the
wall, so as not to lessen the width of the
staircase or passage-way by the projection

of the hand-rail.

No single step, or flights of two or

three, should be admitted, slopes should
take their places.

The private box staircases should be
made as important as the other staircases,

with exits into the street, and communi-
cation at each level. As a rule, they are

narrow or corkscrew staircases, only avail-

able for the private boxes.

There should be no unshipping of bar-

riers ; they should be made permanent,
and hung so as to open outwards, and
close against the wall.

No pay-box or barrier should be placed
to obstruct the exits ; the movable box
so often seen should be abolished, and
the pay-box made part of the permanent
building.

All doors and barriers must be hung so

as to open outwards, and close against

the walls, the larger doors being hung in

two folds. The fastenings on the doors
used by the public should be such as to

allow them to open the doors from the

inside with ease. Locks are bad, as keys
are seldom forthcoming when most re-

quired. The danger attendant upon the

ordinary barrel-bolt was terribly illus-

trated in the case of the Sunderland dis-

aster. It is apt to slip and catch in the

floor, fixing the doors. A fastening is

wanted that will enable those inside to

get out, while it will at the same time

present an effectual barrier to those out-

side. This has been provided by an
invention known as "Arnott's patent bolt,"

in which an ordinary spring square bolt

has the lower portion knuckle hinged.

Pressure on the inside will cause this

portion of the bolt to leave the socket.

and become parallel with the floor, thus

allowing the door to swing both ways.

Pressure from the outside will only tight-

en the bolt. What are now known as

"emergency" doors are too often found
locked, and worse than useless.

If the public were acquainted with the

means of getting out of a theatre, there

is no doubt they would feel safer when
visiting these places of amusement. A
great number enter with the idea that

they could never find their way out if

they wanted ; this is not to be wondered
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at, considering what some of these en-

trances are, and that the entrances are

not always the exits, and the exits not
always used nightly. Everything should
be done to inspire the audience with the

idea that they could save themselves
without hurting others in case of accident.

To do this they should be able to find

their way easily about the house. Several
ideas to attain this suggest themselves

—

placing ample notices on walls and doors,

such as "Exit ;" "This way out; " print-

ing the plan of each section of the house
separately on the programmes

;
placing

large plans of the house in conspicuous
positions; but above all, simplicity and
uniformity in the plan at the first onset.

Place the exits where they will be easily

seen, and make both sides of the house
as nearly alike as possible. Notices
should be painted on lavatory, saloon-

doors, &c, to distinguish them from exit

doors. All notices should be painted in

luminous paint. Never should such no-
tices as "In case of need," "Exit in case
of fire," "In case of panic," "Emergency,"
"Alarm exit," be seen; they only suggest
danger to the people, and everything
should be done to intimate safety and
avoid panic among the nervous visitors

to theatres.

All seats should be numbered, and the
house licensed to hold that number, and
no more admitted under penalty of heavy
fines to manager and visitor alike, then
the gangways would be left unobstruct-
ed ; but until they are both equally fined,

the passages will be blocked by people
standing or seated on loose chairs. All

seats should be fastened to the floor, and
made to tip up, to allow more room be-

tween each row for exit.

As far as the contents of the auditorium
are concerned, it may be presumed that

it is impossible to do without carpets,

curtains, and stuffing to the seats, other-

wise there need be nothing inflammable
in the furniture.

The floor should be laid with blocks of

hard wood, over the fire-resisting floors,

for comfort.

As many bodies which are incombusti-
ble under normal conditions become
inflammable at a high temperature, every
means should be taken to keep a theatre

cool, adding to the health, comfort, and
safety of all. When heat is much concen-
trated, it makes substances highly inflam-

mable, which might at a low temperature
be simply combustible ; it is therefore

necessary, to prevent fire, to provide
proper ventilation in a theatre. How
often is this done ?

The stage should be well ventilated,

and at the same time there must be no
draught to cause the scenery to wave
about. Metallic shafts, with gas jets

burning in them, fixed in several places

above the gridiron, would draw off the

vitiated and heated atmosphere and smoke
in case of fire; but should a fire break
out, the upward draught would increase

it to a very serious extent ; but if the gas

jets were turned out, and the proscenium
curtain lowered, the draught would be
greatly lessened.

Fresh air should be admitted to the

auditorium as near the floor level as pos-

sible, being previously warmed. The
number of inlet shafts should have some
relation to the numbers occupying the

seats, and the manner in which the vitiat-

ed air is drawn out of the building. Sun-
burners play an important part in extract-

ing the foul air, but, in addition, every

gas-burner should have over it a funnel-

shaped flue, up which the products of

combustion might pass. It must be borne
in mind that perfect ventilation is imper-

ceptible ; but to acquire such ventilation

has been found a hard task, therefore

theatres have been left to take care of

themselves, and in but few cases the

slightest provision taken to render them
little better than death-traps. Whether
the mode applied be what is known
as the vacuum or natural system,

or the plenum or mechanical, seems
of little moment, provided fresh air

is continually admitted throughout the

whole house. The number of deaths

occasioned through breathing the foul,

poisonous, and heated air of our theatres

is far in excess of those caused 'by fire

and panic. It would be as well if some
of the numerous authorities which govern
places of entertainment in this country

were to turn their attention to this fact

;

but I fear the familiar adage may only too

truly be said of theatre regulation, that
" too many cooks spoil the broth." Large
sums of money have been expended in

providing means to avert dangers that

may occur some day, while the fact that

thousands nightly breathe the poison that

will bring disease and untimely death with
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it, even to the strong, is totally ignored.

Lightning conductors should be fixed

at various points outside the building.

Materials foe Prevention of Fire.

The accepted idea of what is fire-proof

is a very mistaken one. Materials that

are incombustible are not therefore fire-

proof ; take iron and stone, both accepted
legally as fireproof, and both among the

first substances that will succumb to the

influence of heat and sudden change of

temperature. To give an idea how totally

mistaken some are as to the fire-resisting

qualities of materials, I have known lead

suggested as a substance to be used to

render floors fireproof. Lead, of all

materials, is the most dangerous, and the

most dreaded by the fireman.

The walls must be solid and very thick,

well bonded into each other, of good sound
bricks ; bond timbers should riot be ad-

mitted, but hoop iron bond should be
used. Every opening should have ' an
arch turned over it, the use of lintels,

either of stone or wood, being discarded.

The walls should be corbelled out to

receive the floors.

The floors, where possible, should be
supported on brick arches abutting
against brickwork, but on no account
against iron. When the floors are con-

structed of iron and concrete, the iron

should be completely embedded in the
concrete, and the concrete should have
the aggregate of calcined material, such
as broken bricks, clinkers, or broken
pottery. The circles should either be
constructed of iron and concrete, or of

timber in large balk, and of the hardest
description, such as elm or oak, which
should be thoroughly protected from the
action of fire by thick coatings of plaster

;

gypsum, or plaster of Paris, is well

adapted for this purpose.
Where iron columns are used, they

should be protected by a thickness of

fire-resisting plaster or cement, held to

the columns with a good key. Strong
posts of the harder woods would suffer

less from the changes of temperature
than iron, but their thickness would de-

stroy a good deal of the sighting.

The ordinary thin iron doors are of no
use to resist fire. If iron doors were
placed on both faces of the walls the
space between might be filled up with
some wet materials to keep them cool

;

but it would be a very difficult task to do
this to every door in a theatre. Thick
oak doors would resist fire for a long
time. Wooden doors, lined with sheet

iron or zinc, would be more effective than
the thin iron doors so often met with

;

none of these, however, would be fire-

proof, although fire resisting to a certain

extent. A perfect fire-resisting door could
be made on the same system as safe

doors, having an inner case of iron packed
with sawdust and alum, surrounded by a
strong, well-bound and well-hung outer

case. These would be heavy and expen-
sive, and as all fire-resisting doors must
be hung to close automatically, they
would be dangerous ; but they should be
fitted to divide the greatest lisks, such as

the workshop section from the stage, the
stage from the auditorium.

Steps and landings should be made
solid, of approved artificial stone, fire-

clay, or concrete, whose aggregate has
already been burnt, fctone should be
avoided, as, in the words of Captain Sbaw
—a man whose opinion on such subjects

is the best in the world—it yields to fire

more rapidly than any other material, is

the most dangerous of all materials, as at

sudden changes of temperature it cracks,

leaving a passage for smoke.
That unprotected iron is unsafe, owing

to the risk of fracture, and the loss of

strength attendant upon great heat, is a

fact well known, and as it is sometimes
applied, it is a source of great danger,

assisting in the destruction of the build-

ing, as its contraction or expansion will

thrust out or pull down the walls, and
even when covered with cement, it will

suffer in great heat. Wood is only a

dangerous material when used in thin

slices. "It will withstand a powerful
dead heat upon its sides for an indefinite

period without igniting, unless transverse

sections of the fibre, such as a knot, pre-

sents itself to the action of fire." If

used in large balk of the harder kinds,

and protected with plaster, it is infinitely

safer than naked iron.

The use of plaster as a fire-protecting

agent I would strongly advocate : it is

light, and resists fire for an indefinite

period.

It would perhaps be as weU to enumer-
ate some of the many causes from which
fires in theatres have originated and be-

come fatal, before considerinsf the last
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part of our subject, namely, the extinction

of fires.

Bad arrangement and planning of the
various sections, and not making each an
independent fire risk, and not providing
separate accommodation for each depart-

ment or trade.

Danger from contiguous houses, and
from people living in and about the the-

atre.

Bad judgment in the choice of materi-

als, and bad or faulty construction.

Foul or imperfect flues.

Darkness and dirt, and keeping rubbish,

shavings, &c, on the jsremises.

bmoking in the theatre proper.

Overheating through lack of proper
ventilation.

Unprotected gas-lights, and escape of

gas from imperfect fittings.

Upsetting oil lamps.

Using matches or other naked lights.

Imperfect system of electric lighting.

Accumulation of heat round the sun-

burner, and not cleaning same.

Carelessness in the manipulation of the

stage during a performance.
The use of firearms, fireworks, and

colored fires.

The want of a properly organized fire

watch, defective fire appliances, and lack

of water.

Carelessness among workmen, such as

carpenters and plumbers.
Lightning, concentrated rays of the sun

by means of lens, spontaneous combus-
tion, and incendiarism.

Extinction of Ftke.

When a building has been constructed
that will in every way retard the spread
of fire and panic, it should be considered
how, should the fire, in spite of all the

precautions, occur, it could be most effect-

ually coped with.

A theatre, from the nature of its busi-

ness and contents, cannot be fire-proof,
although fire-resisting ; but there is no
reason why fires should not be localized

and burn themselves out in the depart-

ment in which they originate. Every
means, therefore, should be taken to

extinguish fire. Water is the element to

overcome fire; it is cheap, and can be
obtained in large quantities, and if there

is some at hand when a fire first breaks
out, a jug-full, judiciously used, would

prevent the loss of much life and prop-
erty.

As regards fire appliances, there should
be an unsparing supply of fire-buckets,

always full of water, in all parts and sec-

tions of the building ; more good can be
done with these, if used in time, than any
elaborate appliance that may come into

use when the fire has got a hold. These
buckets should be made conspicuous,

labeled "fire-buckets," painted red, and
never allowed out of their place. Hand-
pumps, with and without pails, should be
distributed about the building, with a few
chemical engines. Hydrants should be
mounted on the rising main on every
floor, in every section, and every 40 feet

apart, having the hose "married'' and
ready for action. All proper tools and
implements should be near at hand, wet
sponges, wet blankets, hatchets, axes, &c,
&c, being distributed about the stage and
other parts. There should be a cock on
each hydrant to fill buckets from. Hy-
drants should also be placed outside the
building, and on the roof.

All fire appliances in these buildings
should be periodically tested by the au-

thorities ; for the lack of this they are too
often, on an emergency, found to be use-

less. The pattern of the appliances should
be similar to that of the brigade of the

town in which the theatre is situated, so

that the theatre and town appliances may
be used indiscriminately.

Ladders should be fixed from the roof

to within 20 feet of the ground, where
external aid can easily reach them. Iron
balconies should be provided to windows.

It seems almost needless to say that

there should be a sufficient supply of

water, at a pressure strong enough to

reach the highest part of the building.

In towers formed at a height above the
! roof, there should be large water tanks,

! as a secondary supply, supposing the

main failed at any time, but too much
reliance must not be placed on tank hy-

drants. Experience has taught us that

the tanks are too often empty, or only

partly full, owing to the want of a con-,

stant supply from the water companies.

So much has been said upon the desir-

ability of employing brigade firemen, well

versed in their business, in lieu of the, in

in more senses than one, " theatrical fire-

man," that I need not repeat the argu-

ments in favor of the brigade men. Two



PREVENTION AND EXTINCTION OF FIBES IN THEATRES. 41

trained firemen should be in charge of

the house from an hour before the per-

formance till daylight, and two others

should have charge during the day, all

four being present when the house is

open. The stage should never be left

during the performance, and at the same
time it would inspire the audience with
confidence to see firemen walking about
the auditorium. By the day watch the

appliances should be cleaned and kept in

repair, everything being tested every day
at a fixed hour, say 6 p. ni., just before

the audience is admitted.

It should be the duty of the firemen to

keep everything in working order, and
they should be required to do nothing
else. Imagine a stage without a respons-

ible fireman, if, in the full swing of a

pantomime, a small fire occurred. It is

easy to conceive the confusion there would
be among the numerous young and ner-

vous people employed on the stage. The
noise behind, even supposing the curtain

to be down, would cause fear and panic
among the audience, and a stampede
might be the result. But if steady, expe-
rienced men, always ready for action, are

employed, and the buckets and appliances

are always in their places and in order,

with plenty of water at hand, there need
be no fear of fires on the stage. Yet
there are many theatres in which the
water supply is insufficient, the apjDliances

imperfect, and no organized tire-watch in

existence.

To extinguish fires on the stage, a

suggestion has been made that a series

of perforated pipes be fixed to the under
side of the gridiron, or to the gas battens,

governed by a series of stop-cocks on the
stage. By this means the scenery that
had not already ignited might be moist-
ened, and the spiead of fire stopped, but
a great destruction of property would
ensue. Far better get at "the heart of the
fire with a hand-punrp or bucket of water.

Telegraphic communication should be
held with the nearest fire-station. Too
much reliance should not be placed on
emergency fire-alarms. People are apt
to become careless when they put their

confidence in these appliances ; they are
also liable to act when no danger exists,

especially in this class of building, where
the temperature at times is so high ; and,
on the other hand, when most needed
they may be out of order through disuse.

All check-takers and attendants should
wear uniform, to be conspicuous, so that

they may be better able to manage the
people on an emergency. They sh<

attend fire-drills, and be able to help the
firemen when needed. For the same
reasons it is well to have a policeman or
two about the building.

To extinguish fire, provide good and
sound appliances, plenty of water, and a
good watch.

Theatres are luxuries, and to enter

some of them one pays dearly, both as

regards money and the risk of losing

one's life. If we pay so highly, surely we
should be better protected while there.

But the system seems to be to work the
house as cheaply as possible, and to pack
as many into it as it will hold, at as high
a price as they will pay.

After every consideration is given to

the disposition and construction of the

building, and it has been passed by the
authorities, the architect, under whose
supervision the house has been built,

hands it over to the manager for the
rest of its existence, except in rare cases

where the architect receives a fixed re-

muneration for periodical visits—which
should be the case everywhere. As a
rule, the manager is a man of refinement
and education, who will do everything in

his power to protect the public and
make the house popular. But for all

that there should be a further continuous
inspection supervising the management,
as is being advocated by Mr. Dixon-
Hartland in his bill now before the

House of Commons. A staff of inspec-

tors knowing the architectural arrange-

ment, and the business peculiar to the-

atres, should be appointed, with power
to visit the houses at all odd times, be-

fore, after, during the performance, in

the day, and even in the middle of the

night, unbeknown to the management.
Reports as to the condition in which they
find, the house, and the way in which it

is being worked, should then be made
to the one recognized authority which
should take the place of the many that

now exist.

In theatres which at present hold cer-

tificates from the Metropolitan Board of

"Works as being structurally safe, fresh

dangers may in a year or two arise,

through alterations being made, per-
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haps trivial in themselves, but to which
some risk is attached. There are other

matters requiring supervision besides

structural defect, i. e., ventilation, water
supply, and the general management of

the whole establishment. Until these

inspectors are appointed, the public can-

not be protected as they ought to be ; on
the other hand, it would be useless to

make managers suffer from more official

inspection, unless the men can be found
to fill the posts who are qualified through

previous experience in the modus oper-

andi of theatre management and con-
struction.

Once more I would strongly urge that

the best safeguards against fire are good
planning and construction, perfect venti-

lation, light, and scrupulous cleanli-

ness ; that the best means to extinguish

fire are a good fire-watch and plenty of

water ; and that on no account should
" emergency " appliances be relied on in

a theatre.

DENUDATION" BY RIVERS.
From " The Engineer."

Among the many important and com-
plicated questions with which the prac-

tical hydraulic engineer has to deal,

there are few more important, and few,

perhaps, more complicated, than that of

the discharge of water through open
channels. Naturally, therefore, it has
engaged the attention of engineers from
an early period, and the formulae laid

down on the subject by Dubuat, Eytel-

wein and others date from centuries ago.

Their experiments, however, were mostly
conducted on channels of very smaU sec-

tion, and it has long been recognized
that to extend these to natural rivers, or
even to channels of different dimensions,
is to commit a grave error. Numerous
formulas have since been introduced, in

the hopes of improving on the results of

these early experimenters. Turning, for

instance, to the well-known pages of

Molesworth's Pocketbook, we find that
the mere list of such formulae occupies
almost a page of small print, and that at

least twenty authorities are there men-
tioned by name as having contributed to

the subject. But as a striking comment-
ary on their success a small table is

given at the bottom of the same page,
where four cases of actual discharge, va-

rying from 24 to over 1,000,000 cubic
feet per second are compared with the
calculated results for the same conditions,

derived from nine approved rules on the
subject. The differences are very strik-

ing ; in some cases they amount to nearly
100 per cent., and in many cases to at

least 50 per cent. Nor is this a solitary

instance. Major Cunningham, in his re-

cent work on the Roorkee hydraulic ex-

periments, arrives at very much the same
result. Again, in papers published in our

issue of November 1st, 1872, p. 293, the

results given in the classical experiments
of D'Arcy and Bazin are compared with
the calculated results derived from sev-

eral of these same formulas, the object

being to test the value of the formula
obtained from theoretical considerations

by the late Canon Moseley. Any one who
will turn back to these figures will see

divergences startling enough to prove
that we must at least use considerable

caution in adopting any formula for such
purposes ; and yet the conditions were
here unusually favorable, as the experi-

ments were carried on, not in the diffi-

cult and irregular channel of an actual

river, but in an artificial conduit specially

prepared for the purpose. In spite of

these facts, which it is impossible to

deny, nothing is more common than to

see the most confident and offhand state-

ments made as to the discharge of all

sorts of rivers und,er all sorts of circum-

stances. To take one example, derived

from the science of geology : It is fre-

quently stated in geological works—as,

for instance, by Mr. Alfred Wallace, and
by Professor Geikie in his late admirable

Manual of Geology—that a certain defi-

nite thickness of earth is removed from the

surface of the land every year by the rivers

which flow through it, and is by them emp-
tied into the sea. The actual thickness,

in thousandths of an inch per annum, is
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given with all the confidence of an ap-
proved scientific fact. We have never
been able to trace this statement to its

original source, but we have no hesita-

tion, as practical engineers, in pronounc-
ing it to be altogether visionary. It is

worth while to consider for a few mo-
ments what data would be requisite be-

fore such a figure could be laid down,
even to the very roughest degree of ap-
proximation.

Of course, the only possible method of

determining it lies in measuring, by
some mode or other, the quantity of mud
—or silt, to use the most general term

—

which all the rivers, say, of this country,
carry into the sea during the course of a
single year. What would any engineer do
if he was given the commission of carrying
out such an inquiry ? He would have, in

the first instance, to ascertain the mean
annual discharge of every river or stream
emptying itself into the tidal estuaries

of Great Britain. It would be worse
than useless to conduct observations
upon these estuaries themselves, because
it is perfectly well known that the silt

suspended in such waters at any moment
gives no evidence whatever as to the
amount of silt which is conveyed into these
estuaries from the uplands during each
year or day. Therefore it would be vain,

for instance, to compute the silt carried
down by the Thames from observations
taken below Tedington Weir; we must
examine the Thames itself above that
weir, and all the streams which enter in-

to it lower down must be subjected to

a separate investigation. Let us consider
next what will be necessary in the case
of any one of those streams. In the first

place our engineer must have the means
of measuring its discharge with suffi-

cient accuracy on any particular occasion
he may desire. We have said enough al-

ready to show that this is an exceedingly
difficult matter, that he will be unwise if

he relies even upon the best of the dozen
or so of formula? amongst which he may
take his choice ; and that he is, in duty
bound, to make an accurate determina-
tion in the case of each river in order to

take full account of local conditions. Let
us assume that he has done so, and that
he is thus able by a series of observa-
tions to ascertain with fair correctness
the discharge taking place on any partic-

ular day. It is obvious that to measure

this discharge for a single day only

would be utterly futile. During a winter
flood many rivers, even in England, will

send down 50 to 100 times the water in

an hour compared to that which dribbles

over their bottom towards the end of a

summer drought. Our engineer must,
therefore, measure all the great floods

which occur during the year he has se-

lected, and must also take a large num-
ber of measurements both in the wet and
dry seasons. This done, he must search
carefully the meteorological records of

the district—if he can find any—in order
to ascertain whether this particular year
may be taken as a fair average example,
and if not, he must make such addition to

or subtraction from his results as his own
judgment shall direct him. Failing this,

he will have no recourse but to renew his

observations from year to year, until in

the lapse, say, of a generation, a true av-

erage can be struck. At the end of this

time, provided there are no indications

of a progressive change in the climate

and rainfall, he may fairly be allowed to

state what the mean annual discharge of

this particular stream may be.

But his work is only begun after all

;

it is not the quantity of water discharged

which he is in search of, but the quantity

of silt. He has to determine not only

the number of cubic feet of water which
has flowed through his channel in a par-

ticular year or a particular half century,

but how much solid matter each of these

cubic feet held in suspension while it

passed. To do this it will by no means
suffice to pick up a bucketful every time

that he makes an observation, have it

carefully evaporated, and weigh the resi-

due which remains. We know scarcely

anything of the laws of distribution of

suspended matter within the waters

of a stream. It may, indeed, be as

sumed that the quantity per cubic foot

will be larger towards the bottom
than towards the top of the current

;

but the law according to which this

varies is quite unknown. All that we
can be sure of is that this law itself will

vary, probably very largely, with the

depth of the current, with its velocity, and
with the contour of the bottom, with the

material of which that bottom is com-
posed, and probably with many other

local circumstances. It will not do,

therefore, to trust to anything less than
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the collection of a large number of sam-
ples, say 50 to 100, from all parts of the

cross section, on each occasion when the

discharge is measured, or at any rate, on
each occasion when the river is in an
abnormal condition. Suppose this to be
done and the weight of silt per cubic

foot at each of these places to be ascer-

tained by the slow method of evaporation

and weighing, then it will by no means
do to strike an average of all the fifty

and multiply this by the number of cubic

feet discharged per hour ; for the veloc-

ities at different parts of the cross section

are very different, and this will clearly

modify the results. Thus, if the velocity

at the bottom is half that at the top,

whilst the weight of silt per cubic foot is

double, it will be seen that the amount
of silt carried down per square foot of

area at the bottom and at the surface

will be really the same. Hence, we must
know the average velocity in each of the
fifty divisions, say into which our cross

section has been partitioned off for con-
venience, and we must also know the av-

erage weight of silt per cubic foot corre-

sponding to that division. Multiplying
together each pah in these two series of

numbers and adding the products thus
obtained, we shall arrive at some sort of

approximation towards the quantity of

silt which our stream was carrying down
per hour, on the day when this particu-

lar observation was taken ; and the same
process will have to be repeated for

every one of the separate observations
which have been described as being neces-

sary in order to solve the problem of mean
annual discharge. The experiments
must necessarily be conducted over a

considerable number of years, because it

is quite possible that the effects of drain-

age, denudation, or other causes may
produce a progressive increase or dimin-
ution of the average quantity of silt

borne down, and of this it will be neces-

sary to take account.

So much for our single river ; we have
now to perform the same task for every
other river and stream, from the largest

to the smallest, which empties into a tide-

way around the coast of our island. The
smaller streams will no doubt, give less

trouble than the larger, but they must by
no means be neglected. We have no
means at hand of estimating the number
of such streams, but assuming that there

is merely one for each mile of coast, it

will be evident that it will be consider-

ably over 1,000. Supposing, however,
that the whole of these have been gauged,
and the discharge of silt calculated in

the manner just described, we may per-

haps imagine that our engineer's task is

at an end. Not a bit of it. He has to

ascertain not merely how much solid mat-
ter has been carried into the sea per an-

num, but how thick a layer of solid mat-
ter has been subtracted from the land.

Now, the quantity of the solid matter
upon the land is being added to every year
by the operation of certain very obvious
causes, such as the falling of leaves, the

decay of plants and animals, the applica-

tion of foreign manures, &c. Possibly
some one may object that organisms,
whether plants ' or animals, can only

build up then substance from materials

already existing in the earth, but a mo-
ment's reflection will show that a large

part of their substance is derived either

from water or from air. It is jDrecisely

this decaying organic matter, lying, as

it does, at or near the surface of the

ground, which will be washed off in the

greatest proportion by rain and by rills,

and will so find its way into the rivers,

and thence to the sea. Therefore, our
engineer must of necessity do one of two
things : he must either analyze carefully

every ounce of silt recovered in his ob-

servations in order to ascertain beyond a

doubt, first, how much of it is due to

organic and how much to inorganic mat-

ter ; secondly, how much organic matter
was derived from the earth and how
much from air and water ; or, failing

this, he must by some means or other

calculate the whole volume of matter
which has been added to the earth by
the causes above mentioned, he must
measure the quantity which remains at

the end of that period, and he must sub-

tract the difference—or rather the differ-

ence less that part of it which is due
primarily to inorganic constituents—from
the total amount which he has already

ascertained to form the burden of the

rivers as they fall into the sea.

We have, perhaps, said enough to

show, however faintly and inadequately,

the nature of the task which an engineer

would have before him if he were set

to ascertain the correctness of the figure

which geologists quote so confidently, viz.,
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the thickness of the layer of soil which
is removed annually from our British

Isles by the operation of what is called

sub-aerial waste. A feeling of longing
and regret steals over us as we close the

record. What a pity that the determina-
tion of this figure is not a matter of par-

amount national importance to be settled

at any cost ! and what a pity that we our-

selves are not given the responsible task

of settling it ! It would resemble one of

those magnificent Chancery suits which
an attorney of the old school was wont
to regard with so much complacency and
satisfaction ; a suit which he could slowly

administer during his life-time, and hand
on to his children with his blessing on
his deathbed, certain that it would re-

main as a sure and comfortable source of

income to them and their children yet
unborn.
And yet geologists quote this figure

with perfect confidence, as if it was
known to the 10,000th of an inch. They
do more—they calculate on this basis

the number of years which will elapse

before Great Britain becomes a dead
level, totally forgetting that the diminu-
tion of slope all over the country will

wholly change the conditions of the prob-
lem. They do this in the name of science,

and in the next breath inform us that
science is measurement

!

Our geological problem has detained
us so long, even in the mere stating of

it, that we have no space left to consider
further the special engineering problem
—that of determining the discharge of

rivers—with which we set out. "We
hope, however, to return to it at no dis-

tant date, having perhaps said enough

,

even here, to show that it is not one to

be settled off-hand, and without either

reflection or research.

ELECTRICAL CONDUCTORS.
Br WILLIAM HENRY PREECE, F.R.S., M. Inst. C.E.

Proceedings of the Institution of Civil Engineers.

In no branch of engineering has the

mutual dependence and reaction between
practice and theory been more beneficial

than in the useful appliances of electric-

ity. Without theory the rule-of-thumb

telegraphist would have been stationary.

Without practice the electrician would
have been a dreamer. The practical dif-

ficulties of telegraphy incited the physi-

cist to trace out the laws that govern the

behavior of this subtle Power of Nature,

and the appearance of new facts has

driven the practical telegraphist into

lines of inquiry and discovery. Physi-

cists have been metamorphosed into prac-

tical engineers, while no telegraph engi-

neer deserves that title unless he also

possesses that as a scientific man.
These conclusions are very strongly

illustrated by the improvements made in

the quality of the conductors employed
for the transmission of electric cur-

rents.

Copper.—In the first telegraphs of

1837 nothing but copper wire, owing to

its high position as a conductor, was
used in England, and it was buried
underground ; but the difficulty then ex-

perienced in insulating buried wires was
so great, that they were removed from
underground and suspended on poles.*

The ductility, the want of tensile

strength, and the absence of elasticity of

copper, as then produced, rendered it

impracticable for this purpose. It was
speedily replaced by iron. Iron has
since been almost universally used for

aerial lines, while copper remains the
sole material for underground and sub-

marine purposes where mechanical
strength is of little consequence. He-
chanical strength and price seem to have
been the only considerations that gov-
erned the choice of conductors in the
earlier days ; but as soon as speed of

transmission assumed a commercial as-

pect, as it did in 1858, when Atlantic

telegraphy was an accomplished fact,

* In ISIS a copper wire was put up between Paris and
Rouen.
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then the electrical qualities of the mate-
rial engaged the attention of the tele-

graph engineer. Sir William Thomson
in 1856 pointed out the great differences

in conductivity observable in various

samples submitted to him, although
these samples were supposed to be of the

very best quality ; while the late Mr.
Augustus Matthiessen in 1860 made an
exhaustive inquiry into these variations

and their causes. He determined the

electrical conductivity of pure copper,

and defined a standard which is that now
in use,| and showed that the variations

were clue to impurities, principally oxy-

gen and metalloids. A mere trace of

arsenic reduced the conductivity 40 per

cent., while contact with air when in a

molten state reduced it 24 per cent.

The result of Matthiessen's inquiries

has been not only to remove the great

variations in the conductivity of the cop-

per, but to immensely improve its qual-

ity. While in 1861 electricians were
content to specify that the copper should

not fall below 85 per cent, of pure cop-

per, they now specify 96 per cent, and
they obtain it of a remarkable uniform
quality. The value of this improvement
may be estimated from the fact, that the

carrying capacity of a cable for messages
is increased in the same proportion as

the conductivity of the copper is im-

proved. Thus a cable made of the cop-

per of to-day will carry twice the number
of messages that a similar cable of cop-

per would in 1858.

The progressive improvement is shown
by the following table :

Cable. Tear. Conductivity.

Dover and Calais 1851 42.00

Portpatrick and Donaghadee. . . 1852 46.00
Atlantic Cable 1856 50.00

Red Sea 1857 75.00

Malta and Alexandria 1861 87.00

Persian Gulf 1863 89.14

Atlantic Cables 1865 96. 00
Irish Cable 1883 97.90

Pure copper 100.00

It is not, however, alone in cables that

an improvement of working has been ef-

fected by increasing the conductivity of

the copper. It has imported additional

efficiency to the apparatus. Greater use-

ful effects are obtained with the same
current. In all the practical applica-

tions of the current, it has an econ-

t Mathiessen's standard is 100 inches, weighing 100
grains, giving 0.1516 ohm at 60° Fahrenheit.

omical advantage, for it lessens the waste
of energy in the circuit in direct propor-

tion to the improvement effected. In an
electric-light main a difference of 10 per

cent, in the purity of the copper might
lead to the waste of several HP. The
test for purity is extremely simple.

Every text-book, or book of tables, has

the resistance of a foot-grain, a meter-

gramme, a mile-pound, or a knot-pound,*

of pure copper at every degree of ordi-

nary temperatures—call this R« . Take a

piece of the cylindrical conductor to be
measured. Let w be its weight, I its

length, the

gives its resistance at the temperature at

the point of observation if it be truly

cylindrical and the copper be pure ; but

by actual measurement it will be found
to be r

2
. Then

r 100 r-li=_, or a>=l00X^.
r, x r

1

and x is its percentage of purity.

The resistance of all metals is very

much affected by temperature. Matkies-

sen studied this with great care. He
found that within ordinary limits the

increase due to higher temperatures was
approximately expressed by the formula.

R, =R (l + ««),

where R is the resistance at 0° and Rj the

resistance at the temperature t. He as-

certained the coefficient a to be for pure
copper 0.0038. Thus the resistance is

increased 38 per cent, between the freez-

ing and boiling points, and it may there-

fore be increased 20 per cent, between
winter and summer temperatures. Hence
it is desirable to determine the efficiency

of electric-light leads at the highest

temperature to which they will be ex-

posed, to avoid unnecessary and injurious

waste of energy.

But copper is not only used for sub-

marine cables and for underground lines

;

it is also employed for overhead wires

through towns and many smoky dis-

tricts. It is not so readily attacked by

weighing
* 1 metre 1 gramme = 0.144 ohm at 0° C.

1 foot 1 grain = 0.2064 "
1 knot 1 pound = 1091.22 "

1 mile " r- 842
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the gases in the air as in iron or zinc.

For such purposes, however, mechanical

strength, which is of little consequence
in insulated wires, becomes of essential

importance.

Copper wire when in the process of

manufacture is always drawn cold, and is

said to be "hard-drawn" before it is

subjected to the annealing process, after

which it is called " soft.'' Soft copper
always gives a higher conductivity than
hard-drawn copper, but its tensile

strength is reduced. Pure soft copper
has a very small breaking strain, probably
under 10 tons on the square inch, but
hard-drawn copper is now supplied that

has a breaking strain of 28 tons on the

square inch.

Copper wire has been erected in locali-

ties where iron wire is destroyed in a

few months, and now, after four years'

experience, it appears practically un-
altered. The diameter of the wire has
not been lessened y-gVtr incn > and it main-
tains its original qualities unimpaired.
In the neighborhood of chemical, varnish
and other works it becomes encrusted
with a thick deposit, but beneath this it

remains unaffected.

Age alone, as far as experience ex-

tends, seems to have no appreciable in-

fluence on the quality of unstrained
copper. Its conductivity and its ductility

remain constant. But when copper wire
has been removed from magnet coils,

such as the field magnets of a dynamo,
it becomes brittle, but curiously enough
this seems to occur even when the
magnets are out of use.. Mr. Sabine has
found that silk-covered wire, particularly

of the finer sizes, wound upon experi-

mental apparatus, gets in a few years
equally brittle, whether the instrument
is thrown aside or whether it is continu-
ously at work. Neither paraffin nor
electro-gilding checks this brittleness. It

is probably an effect due to the strains

that the wire experiences when wound
on a reel and subject to the incessant

variations due to change of tempera-
ture.

Mathiessen observed no difference pro-
duced by the passage of electric currents.

The conductors of the Atlantic cables

laid in 1858, 1865 and 1866 are found as

perfect now as when they were made.
The conductors of all cables seem to

remain constant. But Gaston Plante

discovered that the continued discharge
of great quantities of electricity through
fine wires rendered them brittle, and
Callaud asserted that lightning conduc-
tors were very brittle. If that be so,

some result may be anticipated from the
employment of currents for electric

lighting. At present there has scarcely

been sufficient experience to teach much
on this point.

It is well known that impure copper
and its alloys, particularly brass, become
brittle when exposed to atmospheric in-

fluences in workshops, but this influence

has not been observed in telegraphic

conductors.

Wires more than twenty years old, used
as battery leads, and constantly subject
to the transference of electricity through
them, show no signs of deterioration.

The experience of telegraph engineers
is entirely in favor of the constancy and
durability of copper as a conductor.
The size of conductors is governed by

strictly theoretical conditions, dependent
upon the purposes to which they are ap-
plied, and it is controlled by commercial
considerations. In telegraphy, speed of

working is the criterion ; in electric

lighting, and in the transmission of power,
waste of energy is the criterion. Sir

William Thomson has given a law which
indicates, that the annual value of the
wasted energy must equal the interest

on the capital expended in laying down
the conductor to give the maximum use-

ful economical result. Any departure
from this law, to secure low capital ex-

penditure, means shortsighted policy and
non-scientific practice.

Copper is imported into the country
either as ore or as regulus, bar or ingot.

The purest comes either from Japan,
Chili, Australia, or from Lake Superior.

Much pure copper is produced by the

Swansea method of copper-smelting, es-

pecially by the modification of that sys-

tem known as " best selecting ;
" but

within the last few years very pure cop-

per for electrical purposes has been ob-

tained by improvements in the treatment
of the metal in the smelting and refining'

furnaces, some of which have been so

successful that there is no difficulty in

getting metal giving an electrical con-

ductivity equal to 99 per cent, of pure
copper. Great purity of copper is also

arrived at by electro-deposition, of which
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there are two methods : the one by de-

positing the metal from a solution ob-

tained from the ore, the other by using
impure copper as the anode in a deposit-

ing bath containing a standard solution.

Electro-deposited copper has not the

same mechanical strength as ordinarily

refined copper.

At the Paris Electrical Exhibition of

1881 there was one coil of copper wire

1.3 millimeter in diameter, weighing 181
kilogrammes, and measuring 15 kilom-

eters long.

Iron.—Iron has been hitherto used
exclusively for overhead wires. In the

first days of gutta-percha, about 1849,

iron was employed as the conductor to

be coated with the new gum, but its in-

applicability for this purpose was speed-

ily discovered. Its abundance, its

cheapness, and its admirable mechanical
properties have singled it out for prac-

tical telegraphic purposes ; but its re-

sistance is very high, and materially in-

creases the difficulties of the telegraphic

engineer. The great improvements ef-

fected in the electrical qualities of copper,

directed attention to the same qualities

in iron; but although copper has been so

vastly improved, the same progress has
not been made with iron. Copper re-

finers have relied more upon the aid of

the chemist than iron-ware manufactur-
ers. In fact the improvements made
have been forced upon the latter. The
process in this case has been more tenta-

tive and less scientific. There is still

room for progress. Although the author
had for many years advocated attention

to this point, the Americans were the
first to specify conductivity in applying
for tenders. They defined a standard
which was called the Ohm-mile—that is,

it was the weight of a cylindrical wire 1

mile in length, which gave a resistance

of one ohm at 60° Fahrenheit. "While

the first iron wire supplied under this

specification gave a mile-ohm* of 5,500
lbs., it is now frequently obtained as low
as 4,520 lbs. In the present specification

of the Post Office the fixed maximum
resistance is equivalent to a mile-ohm of

4,800 lbs.

The amelioration made in the quality

of iron wire is illustrated by the following
measurements

:

* Mile-ohm is more euphonious than ohm-mile, and
is used in preference.—W. H. P.

Inch.

1873 Iron wire 0.171

1883 " 0.171

Ohms.

15.31 per mile.

11.30

In the earlier days of the telegraph

best puddled iron was used for wire,

which, however, was very liable to splits

and flaws, and an alteration was made by
using piled pnddled iron or B B (best-

best). This description was again im-
proved by the introduction of ''box-

piled iron '' of puddled and English
charcoal, sometimes called extra B B, and
by four-sided charcoal-piled iron of

English charcoal and puddled, which has
been called extra special B B ; but the
terms B B, &c, have now lost all

significance—the commonest description

of fencing wire only being known by
the term. During the last decade a mildr

English Bessemer steel has been very
largely employed, especially for railway

telegraphs, and for staying purposes

;

but the resistance of most wires of this

description is high, averaging about
6,800 lbs. per mile-ohm, this high resist-

ance being mainly due to the high per-

centage of manganese, which in this

description of wire varies from 0.25 to

0.75 per cent. The wire used by the
Post Office is Swedish charcoal, with a

mile-ohm resistance, as already stated, of

about 4,520 lbs. Swedish Bessemer, or a

specially prepared low carbon English
Bessemer, is used by the Indian Gov-
ernment, with a mile-ohm resistance of

about 5,400- Cast- steel wire, with a
breaking weight of about 80 tons to the
square inch, has been adopted on the
Continent for telephone circuits with a
mile-ohm resistance of 8,000 lbs. The
table will show at a glance the various

descriptions of iron and of steel tele-

graph wire which are now in use, or have
been used, the tests being given for

0.171 inch, or 400 lbs. to the mile, that

being the standard size in England, and
a size very largely employed throughout
the world.

It will be noticed by the following

table, that while in England, where speed
of working is the prime consideration,

and length of span may be neglected,

electricians are satisfied with a breaking
strain of 22 tons on the square inch ; in

tbe Colonies, where long spans are

essential, and speed of working is not
so important, the specification is 30 tons

on the square inch.
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The following chemical analysis of

samples of different wires, with their

approximate resistances and tensile

strengths when annealed for use as

telegraph wire, will be interesting :

Analysis of Samples of different Wire.

No. 1. Swedish Charcoal Iron, very soft and
pure.

" 2. Swedish Charcoal Iron, good for P. O.
specification.

No. 3. Swedish Charcoal Iron, not suited for

P. O. specification.

" 4. Swedish Siemens-Martin Steel, 0.10 car-
bon.

" 5 Best Puddled Iron.

" 6 Bessemer Steel, special soft quality, 0.15
carbon.

" 7 Bessemer Steel, special hard quality,
0.45 carbon.

" 8 Best Cast Steel.

Mechanical and Electrical Tests of Seven Descriptions of Iron Telegraph Wipe.

.Four samples of each kind.

Description.

1. " B B " puddled iron

.

2. "B B" piled iron, all puddled.

3. "Extra B B." Box piled of puddled 1

and English charcoal, thus

—

E. C.

P
P

|
P

P
|
P P

K. C. J

4. "Extra special BB" Four-sided"^
charcoal-piled English charcoal,and
puddled thus

—

E. C.

E.C.
P

|
P

P|P E.C.

E. C.

5. English Bessemer (known as homoge-
neous iron) .

6. Swedish Bessemer -j

r

7. Swedish charcoal <

Diame-
Twists

Elonga-
Break-

ter.
in

6 inches.
tion.

ing
Weight.

Per cent. lbs.

174* 16 17* 1,470
176* 13 11* 1,380
165 14 15* 1,436
173* 17* 14 1,182

171 16 17 1,220
164| 9 13 1,316
164* 12 m 1,238
172* 17* 16* 1,292

fl68 11 14* 1,456

J
174

1 169*
10* 15 1,538
11* 16 1,398

L172 12 14* 1,452

T172

J
168|

1 172

L172

15 15 1,420
14 14* 1,412
10* 14 1,484
15 16 1,478

171* 20 16 1,634
169 19 13* 2,US
170 19* 17* 1,484

168} 12 14 2,548

173* 21 17 1,392
174* 20* 12 1,380
1731 22 18 1,456

171* 13* 17* 1,318 i

171 23 13* 1,191

169* 25 10 1.358
169* 24* 13* 1,194
1714 27* 13 1.128

Resistance
per Mile

reduced to

).171 inch al

60 ' Fahr.

14.4200
13.5592
13.8897
13.8983

14.0582
15.5820
15.6234
14.1640

15.6191
15.3715
15.5452
15.3017

15.5129
15.6844
16.3574
15.5471

15.9988
18.5663
14 6922
19.1480

12.680S
12.9709
13.6587
13.0222

11.3490
11.3052
11.2241
11.3133

Vol. XXXI.
* E. C.=Englisb. charcoal. P=puddled iron.

-No. 1—4
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No. of Samples. 1 2 3 4 5 6 7 8

Carbon.. 0.090
trace
trace

0.012
0.060
trace

99.690

0.100
trace

0.022
0.045
0.030
trace

99.700

0.150
0.018
0.019
0.058
0.234
trace

99.440

0.100
trace
0.035
0.034
0.324
trace

99.600

0.100
0.090
0.030
0.218
0.234
0.015
99.110

0.150
0.018
0.092
0.077
0.720
trace

98.740

0.440
0.028
0.126
0.103
1.296
tracp

98.200

0.620
Silicon 0.060
Sulphur 0.074

Copper

0.051
1.584
trace

Iron 97.410

Mile-ohm at 60° F.
lbs.

4,546
lbs.

4,502

lbs.

4,820

lbs.

5,308

lbs.

5,974
lbs.

6,163

lbs.

7,468

lbs.

8,033

This table shows in a very striking

way that the electrical conductivity of

iron wire increases with the percentage
of pure iron, except where the percentage
of manganese is high ; an increase in the

percentage of manganese augments the

electrical resistance considerably more
than an increase in the percentage of

sulphur or phosphorus.
The durability of iron wire is main-

tained by galvanizing— a most inappro-

priate title for a very simple operation.

The wire, which is first chemically

cleaned by being passed through a bath
of hydrochloric acid, is then drawn
through a bath of molten zinc, at such a

pace as will secure the adhesion of the

requisite layer of zinc. The zinc becomes
oxidized when exposed to the air, and
since zinc-oxide is insoluble in water, the

wire is protected with an impervious
coating ; but when this zinc-oxide is

exposed to sulphur acids it becomes
converted into zinc sulphate, which is

soluble. Hence the zinc is removed, the

iron is exposed, and oxidation and de-

struction rapidly supervene.

When the galvanized wire is to be
suspended in smoky districts, it is addi-

tionally protected by a braided covering,

well tarred. In some countries, galvan-

izing is not resorted to, but simple oiling

with boiled linseed oil is depended upon.
Such a wire was erected in 1856 between
London and Rugby, but the result was
very unsatisfactory. More recently (1881)

the experiment has been repeated with a
similar result. In this climate galvaniza-

tion is imperative.

But it is not alone in smoky districts

where iron wire decays. It suffers much
along the seashore. The salt spray
decomposes the zinc oxide into soluble

compounds, which are washed away and
leave the iron exposed, and this is

speedily reduced to mere thin red lines.

Where external decay is not evident,

time seems to have no apparent effect on
iron wire. Wire that has been erected

for forty years seems as strong, as elastic,

and as conductive as it was at first. In
pure country air its durability seems
infinite ; but sometimes, especially

through fir forests, it is subject to some
corroding influence. Bauschinger in

1878 tested iron taken from chain
bridges that bad been erected in 1827
and in 1852, and found the strength and
elasticity unimpaired. Thurston found
the same in Philadelphia after forty

years' exposure. Thirty-nine years of

incessant service in conveying currents
for telegraphy have not apparently altered

the molecular structure of iron wires in

the open country on the London and
South Western Railway.

Manufacture.—Swedish charcoal iron

being now the only description used by
the British Post Office, the author has
selected it for describing the manufacture
of iron telegraph wire. It is imported
either in bloom or in rods (principally in

rods.) Each rod is rolled down to about-

0.26 inch in diameter, and weighs on
the average about 1 cwt.

Iron wires used to be drawn in very
short lengths, weighing from 15 to 20
lbs., involving numerous welds, splices,

or joints—points of great weakness

—

but now they can be rolled and drawn
into lengths longer than are practically

required. Coils 0.171 inch in diameter,
weighing 400 lbs. and measuring 1 mile
have been exhibited, but 110 lbs. is about
the best practical limit for transport
and use.

By the mills invented by Mr. George
Bedson, of Richard Johnson and Neph-
ews, Manchester, the billets can be rolled

in this country without welds into rods
weighing upwards of 1 ton in weight ; and
the author would mention how much
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telegraph engineers are indebted for the

modern improvements in telegraph wire

to the various inventions of this gentle-

man.
The Swedish iron owes its value not

only to its comparative purity, but to

the fact that it is smelted and puddled
entirely with charcoal. The best qualities

are a mixture of various ores, and they
ara known by various brands, the condi-

tions determining these brands being
secrets.

The rods arrive in this country dirty

and rusty, and the first operation is to

cleanse them. This is done by immersion
in a bath of diluted sulphuric acid which
thoroughly removes every trace of oxide

and dirt. The clean rods are then coated

with lime to prevent further' oxidation,

and well baked to dry off all trace of

acid. One end of each rod is next
pointed to admit of insertion in the

draw-hole, and it is then drawn down by
one operation to No. 5 W. G., or 0.21

2

inch in diameter. The act of drawing
the wire considerably modifies its mole-
cular structure. It becomes " short,' and
before it can be drawn down to a smaller

size, it must be well and carefully an-

nealed. It is then again cleaned and
coated with lime, and reduced to 0.171

inch in diameter. Since the drawing
down has again shortened the texture,

it has once more to be annealed, before

receiving its final operation of galvaniza-

tion. After galvanization it is straight-

ened by being drawn through a series of

jockey rollers, and wound round two
wheels, one of which has a slightly

quicker motion than the other. It is

finally gauged and tested befsre being
stored away for future use.

The author has described the manu-
facture of 400 lbs. wire which is that

principally adopted for telegraphic pur-

poses in England, but the explanation is

equally applicable to any other size—the

wire after each drawing being annealed.

Testing.—The operation ot testing is

a most important one, and requisite not
only for the user, but also for the manu-
facturer. Flaws, impurities, faults, not-

withstanding the greatest care, will occur,

and they can be detected only by the

most rigid examination and tests. Tests

are mechanical and electrical. The
mechanical tests embrace one for breaking
strain, another for elongation, and a

third for torsive capacity. For hard
steel wire, in place of the torsion test,

it is usual to specify that the wire shall

bear wrapping round its own diameter
and unwrapping again without breaking.
In France the torsion test is replaced by
another by which the wire is bent at a
right angle backwards and forwards four
times for wire 4 mm. in diameter. Spe-
cial machines are constructed for the
mechanical tests, the condition to be
fulfilled being that for the breakiug
strain the increasing load or stress shall

be applied uniformly, without jerks or
jumps, and the elongation machine shall

correctly register the actual stretch

without the wire slipping. The torsive

capacity of the wire is determined by an
ink mark which forms a spiral on the
wire during torsion, the number of

spirals indicating the number of twists

taken before breaking. The electrical

test is simply that for resistance

—

4-^ of

a mile of the wire to be examined is

wound round a dry wooden drum ; and
its electrical resistance is taken in ohms
by means of a Wheatstone's bridge.

Galvanization is tested by dipping in

sulphate of copper, and by bending or
rolling round a bar of varying diameter,
according to the size of the wire.

Specification.—The perfection to which
the manufacture of iron wire has been
brought is greatly due to the care

bestowed upon the specifications by the
authorities of the Post Office and of the
India Office. No lesson of experience
has been neglected ; no .point has been
left open to doubt. The standard has
been gradually raised, until it is now
very high. It is fixed, and not subject to

those continual changes that are irritat-

ing and expensive to the manufacturers,
who have in consequence been able to

select their materials, and to ascertain by
experiment the best methods of treat-

ment to produce the high results re-

quired.

It cannot be too strongly urged that

specification without rigid inspection is

valueless. The manufacturer who for

his own reputation, and in obedience to

the dictates of his conscience, strictly

complies with the requirements of a
rigid specification at the expense of his

pocket, without the check of a subsequent
inspection, may exist in theory, but he is

not found in practice. Equally difficult
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is it to find the careful and painstaking
inspector who, possessing the requisite

technical knowledge and experience, will

rigidly perform his task, regardless of

the blandishments of those whose inter-

ests are affected by his blindness or care-

lessness. Many administrations object

to the expense of thorough inspection,

and the result is they are the recipients

of the rejected material of those who do
rigidly inspect. One break in the wire
costs far more than its inspection, and
one extra ohm per mile affects the earn-

ing capacity of the wire in inverse pro-
portion.

It is, however, necessary to remark
that the mechanical quality of charcoal

iron wire sometimes changes with time^

—

its electrical quality remaining unaffected.

The molecules seem to set, and the wire
to decome harder. This is shown by a

diminution in the number of twists, and
by an increase in the tensile strength.

Tests repeated at some subsequent period
may therefore be deceptive, unless al-

lowance be made for the effect of time.

Bessemer or homogeneous iron wire as a
rule improves in its mechanical proper-
ties by being kept in stock.

Gauge.—The vexed question of gauge
as applied to wire has been fought with
well-nigh the same energy as that of

railway gauges. The result is, that con-

fusion has become more confounded.
The various Birmingham wire gauges

—

as various as the seats of the manufacture
of iron—were consolidated into one very
useful gauge by the Society of Telegraph
Engineers ; but the Board of Trade has
recently taken up the subject, and has
issued another gauge, which has the
merit of being authorized, It is fixed

and legal, and therefore must be accepted.

However, it departs so seriously from all

recognized gauges, and ignores so com-
pletely the metrical system, which is

steadily and surely making its way into

commercial use, that the Post Office au-

thorities have decided to abandon a

gauge altogether as applied to conduct-
ors, and to define size by diameter and
weight. Thus, in future, all copper wires
will be known by their diameters in
" mils,"* or thousandths of an inch, and
all iron wires by their weights in lbs. per
mile. The following table gives the iron

wires generally in use

:

* The "mil '"is one-thousandth of an inch.

Weight per mile. Diameter.

lbs. inch. millimetres.

800 0.342 6.0
600 0.209 5.2
400 0.171 4.3
200 0.121 3.0
60 0.066 1.85

Steel wire is used for long spans, or

for places where great tensile strength is

needed ; but it is for the external strength-

ening of deep-sea cables that steel wire
is principally adapted. It was first em-
ployed in the Atlantic cable of 1865 for

this purpose. It has since been generally

used for deep-sea cables. The usual di-

ameter is 0.099 in., and it is sjDecified to

bear a breaking strain of 1,400 lbs, which
is equivalent to 81 tons on the square
inch. Steel wire has been produced giv-

ing a much higher tensile strength.

Compound Wire.—A compound wire

of steel and copper was introduced in

America about 1874. It had a steel core

for strength with an envelope of copper
to secure conductivity and durability. It

has a weight only one third of an iron

wire of the same resistance. It has been
extensively tried in both hemispheres, but
without success. It has been impossible

to secure permanent adhesion of the en-

velope and its core. Moisture has in course

of time entered, the steel has corroded
away, and this, even though the copper
envelope has been deposited electrolyti-

cally. Light wires of great strength and
of low resistance would be of inestimable

value to the telegraph engineer, and the

failure of the compound wire has been a

source of much regret.

Recently a compound wire has been
erected between New York and Chicago,

a distance of 1,000 miles, giving only 1.7

ohm-resistance per mile. It has a steel

core 0.125 inch in diameter, and is coated

with copper electrolytically to a diameter

of 0.25 inch; it weighs 700 lbs. per mile.

It is very expensive. Hard-drawn cop-

per or silicium bronze of a much lighter

character would be equally efficient, at

probably one-half the cost.

Bronze Wire.—Phosphor bronze, the

hard, mechanical qualities and great re-

sisting powers of which are well known,
was introduced for telegraph wire about

five years ago. Several lengths were
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erected by the Post Office. Two long
spans cross the channel that separates

the Mumbles Lighthouse from the head-
land near Swansea. The object in view
was to obtain great tensile strength, with
a power to resist oxidation, especially

active where the wire is exposed to sea

spray. This was done in 1879, and now,
in November, 1883, not the slightest

change is noticeable in the wire. But
phosphor bronze, though extensively

used, has high electrical resistance ; its

conductivity is only 20 per cent, that of

copper. Moreover, the phosphor bronze
originally supplied was irregular in di-

mensions and brittle in character. It

would not bear bends or kinks. Great
improvements have recently been intro-

duced to remedy these disadvantages.

Phosphor and silicium bronze derive

their names not so much because phos-

phorus and silicium are mixed with the

copper, but because they are used in the

prepai'ation of the alloy. Pure bronze is

a mixture of copper and tin, and in the

refining and mixing process phosphorus
and silicium have the property of remov-
ing impurities, particularly the oxides,

though doubtless some of the flux re-

mains. Phosphorus has a most injurious

influence on the electrical resistance of

the alloy. Silicium is far superior

;

hence the silicium bronze is preferable

for telegraphic purposes. Its efficienrry

is very great ; in fact, phosphor bronze
has disappeared for telegraph wire, and
has been replaced by silicium bronze.

The conductivity of silicium bronze
can be made nearly equal to that of cop-
per, but its mechanical strength is dimin-

ished as its conductivity is increased.

Wire whose conductivity equals 90 per
cent, of pure copper, gives a tensile

strength of 28 tons on the square inch
;

but when its conductivity is 34 per cent,

of pure copper, its strength is 50 tons on
the square inch. Its lightness, combined
with its mechanical strength, its high
conductivity and its indestructibility,

render it eminently adapted for tele-

graphs.

The table below gives the results of

some tests made by the Post Office upon
different specimens of bronze and copper
submitted for trial.

Long telegraphic lines, for which iron

wire weighing 400 lbs. per mile is now
used, can be made of copper or of bronze
wire weighing 100 lbs. per mile, which
would give higher electrical efficiency

;

and over-house lines, for which steel wire

is often used, can now be replaced effi-

ciently by wire weighing only 30 lbs. per
mile, which would be almost invisible.

Experiments on Different Qualities of Wire.

Diameter. Weight
per Mile

in

PoundsInch. Mm.

SlLICIt

E
IM-

RONZE

—

.080 2 056 102.650

.059 1.529 58.651

.044 1 133 32.310

.036 0.936 22.698

.081 2.072 102.170

COPPER—

.081 2.072 106.100

.082 2.088 107.630

.0847 2.136 116 400

.081 2.072 105.310

Elongation
Per Cent.

Breaking
Weight in
Tons per
Square
Inch.

(1.5 :1.0|
(2.0 : 2.0)

27.610

nil nil 29.368

nil nil 47.406

nil nil 50.070

( 1.5 : 1.0 #

( 1.5 :1.0 \

29.022
(

27.470 \

nil nil 30.322

1.5 :2.5 29.164

0.5 : 1 3J. 306

0.5 28.416

Twists
in 6 inches.

13 : 16 23 : 35

21 : 25 27 : 53

24 : 25 24 : 26

23 : 19 11 : 22

47 : 19 16 : 20

16

27

50

84

Resistance in

Ohms at 60° F.

Per Mile.
Per Foot-
Gram.

= >.

o

0.22258 94.616

0.22734

0.73285

1.43750

92.637

22.826

14.650

0.21807 96.571

8.6359

15.4370

90.3330

157.3900

8.5009

11.3490 0.30235 60.60

9.4400 0.25538 82 50

9.2400
j

0.26995 78.00

8.4100 0.22245 94.00
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If such overhead wires were erected

upon sightly supports, and with some
method there would be an end to the

meaningless crusade that is now made
in some quarters against aerial lines.

These, if constructed judiciously, and
under proper control, are far more effi-

cient than underground lines. Corpora-

tions and local authorities should control

the erection, rather than force adminis-

trations to needless expense and to re-

duced efficiency by putting them under-
ground. Not only do light wires hold
less snow and less wind, but they pro-

duce less electrical disturbance ; they
can be rendered noiseless, and they allow

existing supports to carry a much greater

number of wires. Other bronzes have
been tried, but without any evident ad-

vantage, either in quality or in price.

German Silver.—German silver is em-
ployed generally for rheostats, resistance

coils, and other parts of apparatus in

which high resistance is required. It

consists of :

Copper 4 parts.

Nickel 2 "
Zinc 1 "

The variation in its resistance due to

changes of temperature is small. Its co-

efficient is 0.0004—copper being 0.0038

—that is, about ten times less. Its re-

sistance per meter gramme is 1.85 ohm,

while copper is 0.144 ohm. The effect

of age on German silver is very marked ;

it becomes brittle. Mr. Willoughby-
Smith has found a similar change with
age, even in the case of wire drawn from
an alloy of gold and silver.

Conclusion.—It is evident, from what
has been said, that the form and charac-

ter of electrical conductors must vary

with the purposes for which they are in-

tended. For submarine cables and for

electric light mains, where mechanical

strength is not required, and where di-

mensions are of the utmost consequence,

the conductors must be constructed of

the purest copper producible, for copper
is the best practical material at our com-
mand.
On the other hand, aerial lines must

not only have great tensile strength, but
in these days of high-speed apparatus

they must have high conductivity, their

dimensions must be such as to ensure

low electrostatic capacity, they must ex-

pose to wind and snow the least possible

surface, and they must be practically in-

destructible. Iron has hitherto occupied

the field, but copper and alloys of copper

seem in many instances destined to

supplant that metal, and to fulfill all

the conditions required in a more effi-

cient way, and at no greater cost per

mile.

SOLUTION OF TRIGONOMETRICAL PROBLEMS BY CON-
TINUED APPROXIMATIONS.

Bt HOEACE ANDREWS, Jr., Assistant, New York State Survey.

Written for Van Nostrand's Engineering Magazine.

In solving trigonometrical problems
the results will be more or less precise,

depending upon the number of decimals
employed, when logarithmic tables are

used ; or upon the size of the drawing,
if the results are deduced graphically.

It is frequently very convenient to ob-
tain approximate values of the quantities

desired by means of a roughly-drawn
diagram, and then to increase the pre-

cision of the results to any desired ex-

tent. This method is especially valuable
where the direct process of computation
is complicated, and where the approxi-
mate values can be very readily obtained

from a diagram. In the three-point

problem, much used for locating sound-
ings and subordinate points of a triangu-

lation, a good example is found of the

convenience of the method.
As illustrations, two simple problems

of plane trigonometry will be taken.

The principles involved are

1st. The sines of the angles of a plane

triangle are proportionate to the opposite

sides.

2d. The change in the value of the log-

arithm of the sine of any angle A for a

difference of V' is equal to M sin 1" cot.

A, where M is the modulus of the com-
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mon system of logarithms ; log. M sin
1"= 1.32335, for units of the seventh
place of decimals, or M sin 1"= 0,-

0000021 05.

sin (B + C)
3d. Cot. B + cot C=

sin B. sin C
'

Where the large letters denote the
angles and the small letters the opposite
sides.

Example.—A=75°24'.09".206. log. 6=4.2905477

log. c=4.4184219

From a rough diagram

C=62° 45' "

whence B=41 50 50.794

Peoblem.— Given two sides b ancle,

and the included angle A of a plane tri-

angle, to find the remaining parts B, C
and a. A+B+C -180 00 00

log. 6 sin A=4. 2822976 4.28229 (ac) log. M sin 1"=8.67GG

log. 6=4. 2965477

log. sin A=9. 9857499

loa;. c=4 4184219

loa;. sin B=9. 82422 log. sin A=9. 9857

approx. log. a=4. 45807 log. ,, . „„ . . =8.6909FF & & M.sinl"sinA

difE. between two values of log. a 281

log. c sin A=4. 4041718 4.40417

log, sin 0=9.94891

approx. log. «=4. 45526

log. =4.4487

log. sin B=9. 8242

log, sin C=9 .9489

818'=2.9127

The first step is to compute precise

values of log b sin A and log c sin A,

then, using only five places at present,

,, . „, b sin A ., n
c sin A

the values of log;. —:
—=— , and log.

—

:
—=-.6 sm B ' s

sin C
These two values of log. a differ by
28100 in units of the seventh place of

decimals.

By using four-place logarithms the

log,

B=42°04'28".794.

6 sin A=4. 282297

log. sin=9. 826138

approximate log. a=4. 456159

difference between logs.= 7.

log. c sin A. =4. 404171

C=62° 31' 22" log. sin=9. 948019

value of log. ^7=

—

:—z-77—

:

r is first com-M sm 1 sm A
puted, and tben the value of the 1st

correction 818" is obtained. It is evi-

dent that in order to secure a closer

agreement in the values of log. a, B must
be increased by 818", while C is dimin-

ished by the same amount. Making
these changes, and using now six places,

we have

8.6909

log. =1.8451

log. sin B=9. 8261

log, sin C=9. 9480

2".042- 0.3101approximate log- a=4. 456152

The second correction, 2."042, must be subtracted from C and added to B.

log. 6 sin A=4. 2822976

B=42° 04' 30".836 log. sin=9. 8261433

approximate log. «=4 . 4561543

difference between logs. 9

log. c sin A=4 4041718

C=62° 81' 19".958 log. sin =9 9480166

approximate log. a=4. 4561552

4.2822976

B=42° 04' 30". 573 9.8261427

8.6909

log.=0.9542

log. sin B=9.8261

log, sin C=9 . 94S0
0' .263.... 9. 4192

log. a 4 4561549

4.4041718

C=62° 31' 20".221 9.9480168

log. a 4 4561550

An agreement now is found as close as

can be expected, unless more than seven-

place tables are employed. The process

of computation could be stopped at any
point where the resulting values of log.

a are thought to be sufficiently close.

The operations described above are of

a very simple nature. In practice the

computer would make some more conve-
nient arrangement of figures than that
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given. The time required for the com-
putation will then be found to be less

than by the ordinary methods.
For most purposes the values of B, C

and log. a, found at the end of the sec-

ond trial, where only six places were
used, would be precise enough.
To illustrate the advantages of a more

concise arrangement the computation is

repeated below. Seven -place logarithms

are here used after the first correction

has been obtained, and only one more
correction is then found to be necessary.

B=41°50'50'.794 42°04'28".794 30".545

log. a=4. 45807

log. sin B=9. 82422

log. b sin A=4. 2822976

log. 6=4.2965477

log. sin A=9. 9857499

log. c=4. 4184219

log. c sin A=4. 4041718

log. sin C=9. 94891

log. a=4. 45526

diff. bet. logs. a=28100

4.456 1590 1549

9.826 1386

4.282 2976

1427

2976

A=75° 24' 09".206

4.404 1718 1718

9.948 0188 0169

4.456 1530

60

1549

C= 62° 45" 62° 31' 22" 20".249

(ac)log.M sin 1"=8. 6766

(ac)log. sin A=0. 0143 8.6909

log. sin B=9. 8242 9.8261

log. sin C=9. 9489 9.9480

log. dif£.=4.4487 - 1.7782

818"=2.9127 0.2432=

The Three-Point Problem.

At a point P three stations I, c and r

are visible ; I is the station farthest to

the left, c is the center station, and r is

the one farthest to the right, as seen

from P. The angle Icr and the distances

Ic and Ir are given.

The angles £Pc=L and cPr=R are

measured, and it is required to compute
the remaining angles cW=x and crV=y,
and the sides Pc, P£ and Vr.

The nomenclature adopted is that gen-

erally used in locating buoys, etc., by the

three-point problem,

_ , cr sin L ,.,.

Let -—- X —t-=^j • (1)
sin R cl

then n. sin y= sin x,

cr

(2)

and Pc=
sin R

sin x
smy= . T (3)

• sinL v '

After plotting I, c and r, the point P
can be graphically located by some of

the usual methods, e.g., by laying down
the angles L and R on tracing paper, and
then jDlacing this over the plotted posi-

tions of I, o and r so that the lines drawn
pass through these points respectively.

The position of P can then be pricked
through the paper.

Next measure clP=x, approximately,

and place y=lci— (L +R + cc). Correc-

tions can then be computed to these ap-

proximate values until they are as precise

as is desirable, then Pc can be readily

obtained, and if necessary ~Pl and P?\

log. cZ=3. 797531

log. cr=3. 862668

Example.—
Given fcr=lll°10'54"

L= 44°09'30"

R= 49 J47'20"

Measured z= 9°

whence y= 8°14'04"

(x+y)= 17°14'04"

The value of (x+ y) will remain con-

stant, as whatever correction is given to

x will be applied to y with an opposite

sign.

From (1) first compute n. thus,

log. c?-=3. 862668 log. sin L=9 843011

log. sin R=9. 882906 log. cZ=3 797531

log.
sin R

=3.979762 log. ^=6.045480

whence log. ?i=0. 025242.

1st Approximation.

log. 71=0.025242 2049

#=8°14'04".log. sin=9. 155016 9.1550

9.180258

«=9° losr. sin=9 . 194332 9 . 1943

cl

14074 log. =4. 1484

1st cor. =504".. 2. 7026

(ac) log. M. sin 1"=9. 6766. .in units of the

log. sin (£+30=9.4717 6th place.

log.
M.sinl"sin(a:+#)

This value of log.

0.2049

M. sin 1" sin (x + y)
remains constant throughout the compu-
tation, and is used for deducing the 1st,

2d, &c, corrections to the assumed values

of x and y.
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2d Approximation.

log. w=0.025242 0.2049

#=8°22'28".log.sin=9. 163286 9.1633

9.188528

a?=8°51 '36". log. sin=9. 187579 9.1876

949 log. =2. 9773

2d correction=34."l 1.5331

3d Approximation.

log. ^=0.025242
y=8°21'58".9 .log.sin=9 . 162798

9.188040

*=8°52'10".l . log. sin=9 . 188039

0.2049

9.1628

9.1880

1 log. =0.0000

3d correction=0".04 8.5557

The values of y and x are now suffi-

ciently precise, and from C3) we, obtain

Pc directly.

log. -t^b =3. 979762& sinR

log. sin y=%. 162798

log. sin aj=9. 188039

sin L
log.

el.

-=6.045480

log. Pc=3. 142560 loo-. Pc=3.142559

If P/ and Pr are desired they can be
computed from the formulae,

Vh
cl. sin Vcl

sin L
Fr= cr. sin Per

sin P.

The results obtained are vers" well

checked throughout. If care is taken in

computing n no subsequent error need
be feared, for the computation of Pc, as

made above, will check the work.

EXPERIMENTS ON THE EFFICIENCY OF INCANDESCENT
ELECTRIC LAMPS.

By HORACE B. GALE.

Contributed to Van Nostrand's Engineering Magazine.

These experiments were made by the
writer in April and May, 1883, when a

student in Mechanical Engineering at

the Massachusetts Institute of Tech-
nology, and furnished the material for a

thesis, from which what follows is se-

lected for publication.

The object of the tests was to ascer-

tain the efficiency of each of the prin-

cipal forms of incandescent lamps when
run at various candle powers. The effi-

ciency, as the term is here employed, is

measured by the number of candle lights

produced per horse power of electrical

energy expended in the lamps them-
selves.

As much of the work as possible, in-

cluding the calibration of the instru-

ments used, was done in the laboratories

of the Institute. The other experiments
were made at one of the lighting stations

of the New England Western Electric

Light Company in Boston, as the neces-

sary dynamo power could be more
readily obtained there than elsewhere.

It should be stated, however, that this

I company had no part in the experiments,

i and no knowledge of the results, except

j

what was gained afterwards by inspee-

j
tion of the diagrams presented herewith.

j
The forms of lamp tested were the

|
Maxim, the Edison, and the Bernstein.

j
Measurements of the Swan lamp, which

|
it was intended also to include, had to be

j
omitted on account of the limited time

i
which could be spared for the work.

Before describing the experiments, a

j

few words may be devoted to the

I

GENERAL PRINCIPLES

! which govern the efficiency of an incan-

descent lamp. Each of the lamps men-
tioned consists essentially of a filament

of carbon inclosed in a glass globe, from
which the air has been exhausted ; the

ends of the filament being joined to two
platinum wires, which pass through, and
are sealed into the glass. These wires

form the connections by means of which
a current of electricity is sent through
the carbon. The energy which must be
expended to force the electricity through



58 VA1ST NOSTEAND'S Ej^GUST eeeing MAGAZINE.

the resisting substance of the filament is

transformed into heat, which shows itself

by raising the carbon to incandescence.
The heat escapes from the carbon fila-

ment in three ways : first, a little is

conducted away by the connecting wires

;

second, a still smaller amount, probably,

is transferred to the glass by the rarefied

gas left in the globe ; third, the remain-
der,which represents practically the whole
energy expended in the lamps escapes
from the carbon by radiation. This
radiation consists partly of invisible heat,

and partly of light ; and it is clear that

the most efficient lamp is the one in

which the largest part of the radiant

energy is in the desirable form of light.

In other words, the efficiency of an
incandescent lamp depends solely upon
the proportion between the quantity of

energy which is given off as light, and
that which is wasted as invisible heat.

Now the ratio between the quantity of

light radiated and the quantity of

heat radiated by any solid body, depends
upon its temperature. The shape or

structure of a body, or the extent of its

surface, though influencing the total

amount of radiation, cannot affect the

proportion of the light and the heat.

By adjusting the strength of the cur-

rent passing through the carbon of an
incandescent lamp, we may heat it as hot
as we please. We may raise it to a

moderately high temperature without
getting any light at all, all the energy ex-

pended being wasted in the form of heat

;

increase the quantity of electricity pass-

ing through the filament, and we can
bring it to a dull red ; again augment the

current, and it glows with a feeble yellow
light ; and now, if the current is made a

little stronger, without adding much to

the amount of heat radiated, the intens-

ity of the light becomes enormously
increased. The way in which the candle
power rises, as the current strength is aug-
mented, may be seen in the following table,

based on a series of measurements made
upon a Maxim " B lamp," designed to give

about nine candle power.
The efficiency of a lamp, that is, the

return we get in light for a given amount
of electrical energy, being greater the
higher the degree of incandescence to

which the carbon is brought, it follows

that by varying the candle power of any
incandescent lamp, we may, within cer-

Current
strength
in am-
peres.

0.

0.5
1.0
1.5
2.0
2.5
3.0

Candle power,

0.

0.

(very dull red).

3.5
17.0
55.0
120.0

Incre-

ments of
current
strength.

0.5
0.5
0.5
0.5
0.5
0.5

Incre-
ments of

candle
power.

0.

0.

3.5
13.5
38.0
65.0

tain limits, make its efficiency as high, or

as low, as we choose. On the other hand,
the hotter the carbon is heated, the
sooner it is disintegrated and destroyed.
A gradual transfer of particles of carbon
takes place from the filament to the
inner surface of the glass globe ; the

latter becomes darkened, the resistance

of the carbon is raised, and finally the
filament breaks at its weakest point.

It is worth noting in this connection,

that in the experiment referred to above,
the Maxim lamp was run for about fifteen

minutes at more than ten times its nor-

mal candle power without apparent in-

jury, a fact which speaks well for the
endurance of this form of lamp.

While the efficiency of an incandescent
lamp is thus a matter of temperature,
chiefly, being greater the higher the

temperature, its durability depends both
upon the temperature and upon the form,

structure, and density of the carbon, as

well as upon the perfection of the vacuum
obtained in the globe. The relative eco-

nomical importance of the efficiency

and the durability of a lamp will vary, of

course, in different circumstances, ac-

cording as the cost of the power, or the

cost of renewing the lamp, is the greater ;

and if we can discover the law connecting
the efficiency, length of life, and candle

power of a given form of lamp, we can
determine, for each special case, at what
candle power the lamps should be run in

order to obtain the greatest economy.

DESCRIPTION OF LAMPS.

The peculiarities of the various types
of incandescent lamps depend mainly
upon differences in the carbon filament.

The carbon of the Maxim lamp is made
from paper, cut with a die to a shape
somewhat like a letter M with its angles

rounded. After carbonization, the fila-
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ment is placed in a rarefied atmosphere
of hydro-carbon vapor, and heated by
the current. The vapor is decomposed,
and its carbon is precipitated upon the

filament in such a way as to obliterate all

inequalities in it.

Three styles of Maxim lamp were used
in these experiments, rated respectively

as 12, 24, and 16 candle power. They
were obtained at the Stanhope Street

electric light station in Boston, and were
taken at random by the writer from a

large stock on hand at that place.

The carbon of the Edison lamp is a

long, fine filament, made from Japanese
bamboo wood, cut to the requisite size in

a gauge, and bent into the shape of a U.
Three varieties of Edison lamps were
experimented upon, rated as 8, 10, and 16
candle power. These lamps were sent

from the factory of the Edison Company
at Newark.
The Bernstein lamps used in these

tests were peculiar in many respects,

perhaps the most striking peculiarity

being their very low resistance. The
carbon consisted of a straight hollow
tube, about an inch and a quarter long,

of the size of a straw, and terminated by
two knobs or bulbs of carbon about a
quarter of an inch in diameter, into

which the ends of the connecting wires

entered. These lamps were obtained by
the writer from the factory in Boston.
They were rated at 30 candle power. As
they had scarcely passed their experi-

mental stage, and have since been im-
proved, the results obtained from them
are not presented here as fully as are

those obtained from the Edison and
Maxim lamps.

RESISTANCE COLD.

The following table shows the resist-

ance of the various lamps when cold.

The numbers here given were marked
on the bases of the individual lamps to

indentify them. The resistances were
measured with a large new Wheatstone's
bridge made by Williams of Boston,
which was used as a standard of resist-

ances throughout the work. Before using
it, the coils were tested by comparison
with those in the Physical Laboratory at

Harvard College. The galvanometer
used in the bridge was a Thomson double
coil reflecting instrument of 5,000 ohms
resistance, made by Elliott Brothers,

London. It was mounted on a pier of

masonry, and furnished with a compen-
sating magnet and shunt coils, so that it

could be made as sensitive as desired.

Resistance op Edison Lamps, Cold.

(Temperature of room, 68°).

10 candle
lamps.

8 candle lamps.
16 candle
lamps.

Ohms.

No. 21, 380.0
" 22,377.5
" °3

Ohms.

No. 16, 125.0
" 17, 111.0
" 18, 114.0
" 19, 107.0
" 20, 108.5

Ohms.

No. 11, 300.0
" 12, 300.0
" 13,291.0
" 14, 268.0
" 15, 297.5

" 24, 384.0
" 25, 396.8

Average, 384. 58 Average, 113. 10 Average, 291. 30

Resistance of Maxim Lamps, Cold.

24 candle (A)
lamps.

B-lamps.
("half-lamps.")

Ohms.
No. 30, 34.0
" 31, 32.2
" 32, 34.7
" 33, 35.0
" 34, 34.3

16 candle
lamps.

Ohms.
No. 1, 75
" 2, 74.6
" 3, 74.4
" 4, 76.0
" 5,75.4

Ohms.
No. 41, 148.3
" 42, 149.2
" 43, 148.3
" 44, 150.0
" 45, 153.4

Average, 75.08 Average, 34.04 Average, 149. 84

Resistance op Bernstein Lamps, Cold.

30 candle lamps.

No. 1 4. 37 Ohms.
" 2 6.47 "
" 3 1.83 "
" 4.. 1.42 "
" 5 —

Average 3.52 "

the photometer.

The measurements of candle power
were made upon a photometer of the

ordinary Bunsen type, having a bar 100

inches long. The disk was inclosed in a

box about a foot long, having an opening

in each end to admit light, and two mir-

rors so arranged that both sides of the

disk could be viewed at once from an
opening in front. The box carrying the

disk could be rolled on wheels along a

horizontal track, and a pointer projecting

downward opposite the disk indicated on
a graduated scale the ratio of the intens-

ities of the two lights at the two ends
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of the bar. The whole was placed in a

dark room, the interior of the room, and
also the apparatus itself, being painted a

dull black.

ILLUMINATION AT DIFFERENT ANGLES.

On account of the shape of the carbon
filament, incandescent lamps generally

give more light in certain directions than
in others ; and it is important to know
exactly what the variation is, so that we

then turned about its vertical axis

through ten degrees, or less, at a time,

as indicated on a graduated circle, and
the intensity of the light given off at each
angle was compared with that of the
other lamp, which remained fixed, and
served as a standard.

The principal advantage of this meth-
od is, that if any accidental variation in

the current should cause the candle

power of the lamp tested to vary slightly

-itjMNDLE, IAW P,

CURVES OF EQUAL ILLUMINATION. (IN HORIZONTAL PLANE.)

may calculate, from a single measurement
of the intensity of the light in a given
direction, what is the true average candle
power of the lamp. This point was ac-

cordingly investigated for each one of

the lamps. The method used was to

place two lamps of the same kind, con-
nected either in series or in multiple arc,

at opposite ends of the photometer bar,

and send a current from the same source
through both. One of the lamps was

from its normal value, the brightness of

the standard lamp will vary in the same
way, so that the ratio of the candle

powers will not be affected. It was found
that in this way these experiments could

be carried on equally well with a current

of variable intensity as with a steady

current. In all the tests here described,

however, the current was kept perfectly

steady, by a method which will be de-

scribed further on.
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The values of the illumination of each
lamp at the different angles were laid

off graphically from a center, and a

curve drawn through the points thus
found. The area of each curve was
then measured with a planimeter, and
the ratio of the true candle power to the
candle power as measured on the face of

the carbon loop (i. e., perpendicularly to

•its plane) was computed for each lamp.

curve represents the illumination of the

old style, or 24 candle-power, Maxim
lamp ; and the inner curve that of the

Maxim lamp as improved by Mr. Weston,
which is the style at present made by
the United States Electric Lighting
Company, and rated at 16 average candle

power. The curves are drawn so that if

one imagines the lamp placed in the

center, the plane of the carbon filament

AVERAGE---

ZH>
CURVES OF EQUAL ILLU MINATION.(lN HORIZONTAL PLANE.)

The average results for each class of

lamps were also plotted in the same way.

The forms of the curves obtained, for

the Maxim and Edison lamps, are shown
by diagrams No. 1 and No. 6.

The photometric measurements were
made only in a horizontal plane, because
that is the usual method of measuring
candle power, though perhaps a fairer

comparison of the different lamps would
be arrived at by taking the average
spherical illumination.

Referring to diagram No 1, the outer

being represented by the line 0-0, all

points on the curve will be equally il-

luminated. The carbon of the Maxim
lamp, being made from paper, is several

times as broad as it is thick ; hence we
see that the illumination opposite the
face, or flat, of the carbon is considerably

greater than that on the edge. The
variation in brilliancy, as we go from the
edge (marked 0) round to the face, is

extremely regular for the Maxim lamps,
the curves of the individual lamps being
almost identical.
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Diagram No. 6 shows the same thing

for the Edison lamps. Here the carbon
filament has its greatest breadth in

the direction perpendicular to the

plane of the loop, so that the illumina-

tion is feeblest on tbe face, and increases

as we go toward tbe edge. Just in the

plane of the loop, however, there is a

sudden falling off in the intensity of the

light ; because when the two arms of the

U are exactly in line, one cuts off the

light of the other. Though these curves,

each showing the average of five lamps,

are tolerably regular, the curves for the

indvidual Edison lamps are quite irregu-

lar, owing to the carbon being more or

less twisted.

The illumination of the Swan lamp,

one of which was tested at this time,

was found to be the most uniform, being
practically the same in all directions. It

is claimed, however, that a uniform il-

lumination is not always an advantage, as

it is often desirable to be able to throw
more light in certain directions than in

others.

In each of the diagrams a circle is

drawn, whose area' is equal to the area of

the irregular figure bounded by the

curve of equal illumination, and the in-

tersection of the circle with that curve

gives us the angle at which we should

measure the light of the lamp in order to

get its true average candle power. A
better way, however, and that here

adopted, is to measure the candle power
of each lamp on the face, and compute
its average candle power by referring to

the curve for that individual lamp.

SOURCE OF CURRENT.

For experimenting upon incandescent

lamps, it is desirable to be able to main-

tain, for any length of time, a perfectly

uniform and steady current of electricity.

The available sources of current were in

this case a Weston fifteen arc light dy-

namo machine, having the field in de-

rived circuit, and a Kabath secondary

battery~of seventy-two cells. The cur-

rent of the dynamo machine, though
tolerably steady, was not perfectly so, on
account of slight variations in the speed

;

and that from the storage batteries,

though not subject to fluctuations, would
nevertheless run down gradually as the

cells became discharged. By using the

machine and the battery in combination,

however, it was found possible to main-
tain a current of a perfectly uniform in-

tensity for any desired time. The bat-

teries were connected in series, so that
any number of them might be placed in

the circuit of the dynamo machine, in

derivation with the loop supplying the
lamps. The current passing through the
lamps could be regulated by means of

an adjustable resistance, or by varying
the number of cells of the battery in cir-

cuit ; and a variable resistance was also

interposed in the field circuit of the dy-
namo, so that its electromotive force

could be adjusted to just balance that of

the battery. The dynamo thus supplied
the current to the lamps without exhaust-
ing the battery, which merely served to

keep the electromotive force on the
lamps constant, and absorb any fluctua-

tions that might exist in the current of

the dynamo. When the lamps were
turned off, the" dynamo merely supplied
the loss due to leakage and local action

in the cells. This arrangement of bal-

anced electromotive forces is, of course,

not possible with a dynamo having the

field coils in direct circuit.

THE MEASUREMENTS OF CURRENT

were made by means of one of Ayrton
and Perry's ammeters, which was care-

fully calibrated at intervals during the

progress of the tests by comparison with
a tangent galvanometer. The constant

of this galvanometer was computed from
the number and diameter of the coils,

and the value of the horizontal compo-
nent of the earth's magnetism as deter-

mined at Cambridge, and was also ascer-

tained directly by the electrolysis of a

solution of pure sulphate of copper. The
results of the two methods were found

to differ by less than one per cent.

DETERMINATION OF GALVANOMETER CON-

STANT.

In the determination by the deposition

of copper, three large Daniell's cells,

whose joint resistance in parallel circuit

was about .08 of an ohm, were used as a

source of current ; the circuit was com-
pleted through the galvanometer, a re-

sistance box, and a depositing cell with

a copper anode and a platinum cathode,

the liquid being a saturated solution of

chemically pure sulphate of copper. The
resistance was first adjusted to obtain a
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deflection of the galvanometer needle of

a little more than 30°. The platinum

cathode was then removed from the cell,

washed with distilled water and alcohol,

dried, and weighed. The circuit was
again closed by lowering the cathode into

the solution, and the deflection of the

galvanometer was kept constant for about
an hour and a half, when the circuit was
broken by taking out the cathode, which
was washed, dried, and weighed, as be-

fore. The data for calculating the gal-

vanometer constant were as follows :

Increase in weight of the cathode . . 22208 gram.
Time during which the current
passed 5095. seconds.

Deflection of galvanometer 34.675 degrees
Tangent of deflection 0.6918.

Assuming that one ampere of current

deposits .00033 gram of copper per sec-

ond, as given by Prof. S. P. Thompson
in his " Electricity and Magnetism," we
have,

_ 0.22208 niQQC=
5095.X.00033

= - 132^^
Hence the galvanometer constant

0.132

.6918"
:0.19.

The galvanometer had 36 coils, whose
mean diameter was 52 centimeters. Com-
puting from these data the value of the

horizontal component of the earth's mag-
netism, we obtain H= 0.165. The value

of H, as determined at Cambridge in

1882, was 0.164.

CALIBRATION OF AMMETER.

To calibrate the ammeter, it was put in

circuit with the Daniell's battery, a re-

sistance box, and the galvanometer, the
current being divided between the latter

and a shunt of No. 12 copper wire. The
multiplying power of this shunt was
13.29. By adjusting the resistance the
reading of the ammeter was varied by
one degree at a time from 0° to 22°, de-

flections being taken both to the right

and left, and simultaneous readings
made of the galvanometer. The deflec

tion of the ammeter was found to be
proportional to the current, as far as the

test could be carried, after making cor-

rection for a permanent displacement of

the zero point of 0.14°, which was al-

lowed for in all the subsequent work.
The ammeter was again calibrated near
the middle, and again at the close of the
experiments, the results agreeing with

the first calibration ; thus showing that

the strength of the permanent magnet
had not altered perceptibly while the

work was in progress.

SECOND SEKIES OF TESTS.

The object of the next series of observ-

ations was to obtain the data from
which curves could be constructed for

each lamp, showing the variation in

candle-power and current strength as

the electromotive force is increased. The
method consisted in varying the candle

power of each lamp by a succession of

steps, from zero to as high a point as

it could safely be carried, and taking

simultaneous measurements of the elec-

tromotive force, current, and candle power
at every point.

DETERMINATION OF ELECTROMOTIVE FORCE.

The current passing through the lamp
could be ascertained directly by means of

the ammeter ; but the resistance of the

lamp when hot being unknown, to find

the electromotive force it was necessary

to place the lamp in derivation with a
coil of wire of known resistance, and
measure at the same time the current

passing through this coil. The electro-

motive force was then, found by multi-

plying together the values of the current
and resistance.

Longitude by Teleqraph.—The difference
of longitude between Buenos Ayres and

Valparaiso has been determined by telegraph
by M. Beuf, Director of the Naval School of
the Argentine Republic ; so also has the differ-

ence between Valparaiso and Panama, between
Valparaiso, Callao and Lima, between Santiago
and Valparaiso, and between Santiago and Cer-
ro-Negro. Various French naval officers have
undertaken these last determinations. A full

account of the operations, by means of the va-
rious submarine cables and telegraph wires
connecting these places, has been communi-
cated to the French Academy of Science by M.
de Bernardieres, Naval Lieutenant, who, in
conjunction with M. Beuf, made the Buenos
Ayres to Valparaiso, that is to say, the main
Transcontinental determination. The result

•hows that the difference of longitude between
the flagstaff of the Bourse of Valparaiso and
the Cupola of the Custom House at Buenos
Ayres is 63 min. 4.230 sec. The longitude of
the flagstaff of Valparaiso Bourse is 4 h. 55
min. 45.11 sec. The latitude of the same spot
is given as 33 h. 2 min. 10.1 sec. The latitude
of Buenos Ayres (the cupola of the Custom
House) is given as 34 h. 36 min. 27.7 sec. The
Americans previously measured it by Taleott's
method, and found it 34 h. 36 min. 2*9.8 sec.
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THE BEHAVIOR OF ARMOR OF DIFFERENT KINDS UNDER
FIRE.

By CAPTAIN ORDE BROWNE, R. A.

From "Iron."

The object of this paper is to notice

briefly the features in recent experiments
which bring out the characteristic behav-
ior of the principal kinds of armor
under the impact of shot, and then to

point out the necessity for recognizing
that the mechanical conditions of one case

may be so entirely different from those
of another as to call for different qualities

in the shot, and a totally different system
of calculating effects. The importance of

this question will be apparent if it is

borne in mind that there are four princi-

pal kinds of armor employed by Euro-
pean powers. The natural tendency is

for us to test our own shot and armor
against one another. The important
matter, however, is to know the behavior
of our shot against the particular kind of

armor that our enemy may have, not
against our own. It appears, perhaps,
like killing two birds with one stone if

we prove our shot against our own armor.
The advantage of such an achievement,
however, is lost if one bird is a wrong
one, and this may in a certain measure
be the case if we continually follow the
above course in the face of the adoption
of the armor by foreign powers differing

widely from our own in its nature. The
four kinds of armor to which I refer are

as follows:

—

1. Wrought iron.

2. Wrought iron with a steel face

(termed compound armor).

3. Solid steel ; and,

4. Chilled cast iron.

I will first specify, as far as I am able,

the characteristic behavior of each under
impact, in order that, when I come to
them, you may see how far the experi-

ments I notice bear out what is said ; and
I would observe that these experiments
are simply the most important recent
ones, and cannot be said to be specially

selected.

1. Wrought iron yields locally; it is

punched or perforated, a clean hole being

1 made in it. The rest of the target hardly

suffers appreciably, except close to the

point of impact. The entire . shield, in-

cluding bolts, is generally capable of

resisting any subsequent blow as stoutly

as it resisted the first one. Effect here

must be obviously produced by the bare

|

power of perforation of each round taken

J

singly. Partial perforation is practically

|
useless, however often it may be repeated.

> The shot experiences but little resistance
1 as its point enters, and hence it is well

enclosed and supported round its head
i before the full strain comes on it. Hard-
I ness and rigidity of metal in the projectile

|

here tell to the greatest extent, and ten-

! acity to the least. Need I add that these

\

conditions have favored the use of Pal-

liser's chilled iron shot with sharp points ?

The plate yields at the back opposite to

the point of impact by tearing in a cross

or star line, letting the point of the shot

through the center.

2. Steel-faced wrought iron (Cammell's,

made on Wilson's patent ; or Brown's, on
Ellis's patent).—Here the steel face which
constitutes about one-third of the thick-

ness of the plate, is a harder class of steel

than is generally supposed,* and resists

the point of the shot abruptly, and se-

verly tries the tenacity of its metal. It

is seldom, indeed, that a projectile holds

together under these conditions ; there is

a mechanical force acting something like

the outward thrust on the sides of an
arch, and the shot sets up, or more com-
monly breaks to pieces, leaving but little

metal lodged in the plate. The plate

yields mainly by cracking in radiating

fines from the point of impact. In plates

badly backed the plate bends slightly

back, and very rigid shot occasionally

get their points through ; but when
well backed, the entire plate must
be broken in pieces and displaced

before a shot gets past it in any

* At Spezia in 1882 the steel faces of Brown's and
Cammell's plates contained respectively 0.65 and 0.7

per cent., and Schneider's solid steel plate about 0.45

per cent, of carbon.
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sense. In addition to the radial cranks,

concentric ones are apt to be developed,

sometimes, I think, owing to the tendency
of the plate to give back about the point

of impact.*" Obviously, here tenacity in

the shot is called for in a much greater

degree than with wrought iron.

3. Solid steel,\ as made by Schneider
and used in many foreign ships, though
rather less hard than the steel face of

compound plates, is as a mass more rigid.

It admits the points of the shot at first

with rather less resistance, but it does
not yield at the point of impact even
when badly backed, and is, therefore, less

dependent on backing than compound
armor. As the shot enters, it wedges
and heaps up the metal round it, the

plate coming forward and swelling at the

point of impact and yielding by radiating

cracks. I have never known of a concen-
tric crack being made in steel armor, nor
of the point of the shot getting through
until the plate was stripped off. Any
cracks made are, I think, much more cer-

tain to extend through the metal than in

the case of compound plates where face-

cracks may be formed, leaving the iron

foundation-plate intact.

4. Chilled iron made by Gruson, and
used almost universally in foreign coast-

armored defences, is very rigid, indeed.

'I he shot never, I believe, gets its point
even a single inch into the metal. The
shield transmits the shock through its

mass, and must be broken up bodily.

Chillf>d iron is used in large masses, and
is. best suited to resist single blows,
especially in an oblique direction. Un-
der the direct blows of heavy shot of high
tenacity chilled iron breaks up. Cracks
radiating from the point of impact are
formed, and the whole shield breaks
across. The primary requirement in the
shot appears to be tenacity, to enable it

to deliver its work on the point of impact
before it breaks up, which it does, leav-

* Major O'Callaghan, R.A.. Shoeburyness, has con-
tributed a paper to the R. A. Institution, containing a
most interesting investigation as to the behavior of
steel in steel-faced plates round the point of impact,
with his own explanation, and that of Colonel Inglis,
of the phenomena exhibited. The original paper
should be read by any one who is interested in the
matter. Briefly, it may be said that the steel is driven
outwards in directions normal to the head of the shot,
setting up and buckling as it goes ; while the wrought
iron yields beneath it, the effect being to produce the
separation of the frustrum of a cone of steel from off
the face of the target of irregular curved form, with
crater-like depressions. It appeared to me that at
Spezia the comparatively soft Gregorini shot-points
were moulded into a form originated by this action

.
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ing little or no metal lodged in the

shield.

The first experiments to notice are two
carried out by Krupp at Meppen, in

March, 18^2. The targets were examples
of remarkably successful perforation of

wrought iron by steel projectiles. In
one case a 5.9-inch projectile, striking

directly, passed easily through two 7-inch

iron plates with 10 inches of wood be-

tween, and in the other, striking oblique-

ly at 55°, a similar projectile perforated

7.9 inches of iron, with 9.84 inches of

wood and 0.98 inches of iron skin. In
the first experiment, which was repeated,

both projectiles passsed uninjured up
the range. In the second, which was
also repeated, both the projectiles broke
up. I call your attention to the local

character of the injury effected on the

wrought iron, and the completeness of

the perforation, especially when the shot

strikes directly.

Next come the Spezia trials of No-
vember, 1882, where steel-faced plates 19

inches thick, supplied by Cammell and
Brown, competed with 19-inch solid

steel supplied by Schneider. Each plate

first received a blow from a chilled Greg-
orini iron projectile weighing 2,000 lbs.,

fired from a 100-ton gun with sufficient

velocity to perforate a wrought-iron
plate of 19 inches, that is, about 1,225

feet per second ; secondly, a blow from
a similar projectile was delivered on each
plate, with a velocity of about 1,560 feet,

capable of perforating about 25 inches of

wrought iron. The steel-faced plates be-

came wholly or nearly detached, and fell

from the backing on the second blow.

The steel remained up, and received two
more blows from steel projectiles.

At the same time was commenced a

very similar trial at Ochta, near St.

Petersburg, where 12-inch Cammell steel-

faced and Schneider steel plates were at-

tacked by an 11-inch gun, firing chilled-

iron projectiles with the necessary veloc-

ity to perforate 16.3 inches of iron in

the first round, and subsequently the

necessary velocity to perforate about 12

inches.

It may be seen that at Spezia the

French steel plate stood best, but at Ochta
the advantage was still more decidedly m
favor of the compound plate. Schneid-
er's Spezzia plate was tempered, and was
held up by twenty bolts, while Cammell
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and Brown's had only six bolts each.

These makers object to the tempering of

the steel, urging that their plates were
samples of their supply to the Italia, for

which plates could not be tempered, be-

cause the plates are curved. This £>laced

the steel-faced plates at a disadvantage,

and the Italian officers consider that the

yielding character of the backing told

against the steel-faced plates, which
would be much more rigidly supported
on the ship's sine. The fall of the frag-

ments makes the difference between the

English and French plates appear greater

than it was. There the tendency of the

steel-faced plates was to give backwards,
and the steel to swell at the point of

impact. In the steel-faced plates the

fracture is concentric as well as radial.

On August 22, 1883, was commenced
a remarkable experiment at Shoebury-
ness on the resisting power of plates of

iron and steel-faced plates fastened on
granite. The iron consisted of two 8-

inch plates, with 5 inches of wood be-

tween, and the steel-faced plate was 12

inches thick. The 80 -ton gun was fired

at these with a projectile of chilled iron

weighing 1,700 lbs., with a velocity of

nearly 1,600 feet, capable of perforating

24 inches of wrought iron. The shot

cut a clean hole through the iron, break-

ing up, but penetrating nearly 10 feet

into the granite. Against the steel-faced

(Cammell's) plate it broke up, the head
lodging in the plate, cracking and bend-
ing, but not breaking or detaching the

plate. This last result is an extraordi-

nary one, the plate, when thus well-sup-

ported, having borne a blow capable of

perforating.24 inches of iron, and contain-

ing about 30,000 foot-tons energy, showing
what steel-faced iron is capable of endur-
ing under these conditions. There is

hardly a case of eccentric cracking. In
the case of the wrought iron there is the
usual clean perforation.

Three other experiments on perfora-

tion deserve notice. Captain Palliser,

with a shot whose calculated perforation
is about 7.7 inches, completely perforated
a wrought-iron plate 8.73 inches thick

on April 5, 1883, with a special pointed
steel-jacketed shot of reduced diameter;
and what, perhaps, deserves more notice,

on June 6, 1882, he perforated complete-
ly a 4-inch steel-faced plate with a 13-

pounder shot of his special pattern, with

a striking velocity of 1,550 feet, and
a calculated perforation of 4.6 inches of

wrought-iron. He also perforated a 6-

inch steel-faced plate with an 80-pounder
shot.

In August last, Sir Joseph Whitworth,
with a 9-inch gun, 29 calibres long, drove
a forged steel shell, weighing 403 lbs.,

through an 18-inch wrought-iron plate,

with a striking velocity of about 1,900
feet. The projectile had a good deal of

work left in it, smashing up a very heavy
cast-iron supporting plate, and passing
through an oak backing and steel skin

and many feet of wet sand. The pro-

jectile is a most remarkable one. In all

these last experiments the work is strictly

local, especially deserving notice on this

account in the case of the steel-faced

4-inch plate.

Finally, I would mention an experi-

ment of a totally different character,

namely, one conducted at Buckau, Mag-
deburg, by Gruson, on October 22, 1883,

when a chilled-iron shield with a maxi-

mum thickness of 43 inches, weighing

47^ tons, was attacked by a 12-inch

Krupp gun (30.5 cm.), firing a steel pro-

jectile weighing about 980 lbs., with a

striking velocity of about 1,460 feet, and
having an energy, therefore of about
14,500 foot-tons. After three rounds the

shield was cracked or broken across in

more than one direction, and a fourth

shot began the actual displacement of the

fragments. There was nothing here of

the nature of penetration, the surface

only at the points of impact being
chipped off. Considering the destruction

as effected by the shock on the mass of

metal it may be in a sense measured by
the energy per ton of shield ; this

amounts to 916 foot-tons in the whole
three blows.

The steel-faced plate on granite at

Shoeburyness weighed about 10.j tons,

probably. It received a blow of a

shot with 30,000 foot-tons energy, or

about 2,857 tons per ton of metal. We
must not, of course, compare this with
Gruson's shield, because, being backed
with granite, the plate only represents a

portion of the shield, but it is easy to see

that it held together under a vast blow.

The work on the Gruson shield was
delivered in three blows and distrib-

uted. The Gruson shield was broken

up ; our Shoeburyness one was not, but
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there would have been a better chance of

completely dividing it if a steel shot had
been employed. This would have held

better together, and perhaps set up, fol-

lowing the opening parts of the plate,

instead of a rigid chilled iron shot shiv-

ering directly it began to lose its form.

My object, however is not so much to

make a comparison of the total resisting

power of the different classes of armor
as to indicate the shape in which the

work has to be done, and the consequent
mechanical bearings of the question. I

think it will be clear to all present that

in the case of wrought iron we have
simply to deal with perforation. In the

first days of the Plate Committee Sir

William Fairbairn suggested an equation

for the calculation of this work, which
with slight modification, answers very well

to the present day. Indeed it happens
to require less empirical correction with
the present guns firing long projectiles

at high velocities than those employed
in early days. This equation is simply,

Wv 2

= 7tDfk,
2<7

where W equals the weight of shot, D
the diameter of shot or hole made, v the

striking velocity of the force of gravity,

t the thickness of plate perforated, and Jc

a constant to be determined practically.

The equation consists in putting the total

energy or stored-up work in the shot at

the moment of impact equal to the work
performed on the plate. The left-hand

side is absolutely true, and the right-

hand side can be shown to be correct in

a measure ; the only term that is empiri-

cal to the full extent is f ; but under the

most important conditions it happens to

be most nearly correct. The formula
does not apply to cases of partial pene-
tration ; but as partial penetration is

useless, it really gives us all we need for

wrought iron.

To pass on to other cases, we may now
and then, in compound plates, get actual

perforation, or we may get an instance

when a steel shot sets up and drives a

disc out of a compound plate, which ac-

tion may partake of the nature of per-

foration. With most compound plates,

and all solid steel, however, you will ob-

serve that the plates are destroyed by
fracture, the shot's point penetrating to

an insignificant depth. Here, then, we

have only fracture caused by a blow de-

livered by an ogival-pointed wedge. It

differs wholly from perforation ; for while

in both cases the stored up work or en-

ergy is the motive power in perforation,

the thickness perforated depends inverse-

ly on the size of the hole or diameter of

the shot ; whereas in destruction by frac-

ture the point only of the shot enters

the plate, and its diameter can scarcely

enter into the question. We may sup-

pose, when all other conditions are the

same, fracture effected on any given
plate may be simply proportional to the

stored-up work ; but this fact is of little

use to us, for other conditions will very
seldom be the same as that of some
known example. We want to be able

to calculate for varying dimensions of

plate and velocity and weight of shot,

and this at present we cannot do. The
general method of matching a shot

against a steel-faced or steel plate is to

give the shot sufficient striking energy
to perforate wrought iron of the same
thickness, or else of 20 per cent, more
thickness than the compound or steel

plate attacked. This has been the meth-
od followed at Shoeburyness, at Spezia,

and at St. Petersburg. In each case, the

power of the shot to injure armor, which
you observe was destroyed by fracture,

was calculated on the basis of perfora-

tion. It is easy to show that this a totally

false principle. Surely armor ought to

be divided into two distinct classes, which
we may term " soft " and " hard," the
former signifying armor which is perfor-

ated, and the latter, armor which refuses

to yield in this way, and must be broken
up. I have tried to illustrate the differ-

ence by means of a " dropping appara-

tus " or "pile-driving machine," which the

director of artillery kindly allowed me to

have made in the arsenal. There is a
weight into which punches, representing

ogival shot of different sizes, can be
fixed. It would be wrong to assume that

results obtained by such insignificant

forces necessarily represent what occurs

in firing at armor ; but we may illustrate

principles thus, if it turns out, as it does,

that the results here obtained are nearly

in accordance with the formula which is

proved to be correct, and is in use for

problems in arinor-piercing. Indeed, I

got the machine made, feeling confident

that this would be the case. Wrought
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iron is represented by millboard slabs,

and hard armor by hard brick. The per-

forations in the millboard slabs are so

like those made in iron plates that a

photograph of one might almost be mis-

taken for the other. The hard brick so

far resembles hard armor that the point

of the shot-punch enters a very short

distance before fracture occurs. To test

Wy2

Fah'baim's equation, -=— = 7t~Dt'k ; as
2g

the velocity is here due to a fall, we may
substitute WH (weight into height) for

Wu 2

the stored-up work -^— and write WH
2g

= 7tT)?k.

Nothing can well be more simple than

this, and you can see that it is fairly car-

ried out, as you can see the height from
which the weight drops. It is easy to

take one pair of terms and test how one
affects the other, leaving all the other

terms constant. Here, to bring out my
point, I change the diameter and try its

effect on H, the height of fall. If I

double the D, obviously if the W is kept
unaltered I must double the H. Multi-

ply the D by 4, and I must multiply the

H by 4. Thus the ^-inch shot j)unch at

10 inches fall should perforate the same
slab as the |~inch punch with 20 inches

fall, and the inch punch with 40 inches

fall. At the lowest heights there is

some irregularity, but still this is ap-

proximately true ; the inch punch, you
observe, perforates this slab at 60 inches,

and the ^-inch at 18 inches fall, because
the latter only requires to make a small

hole compared with the former. Observe,

then, as to the thickness perforated, the

^-inch punch at 17 inches is absolutely

equal to the inch at 60 inches. So much
for perforation ; now for smashing hard
armor. The ^-inch punch breaks the

brick slab at 10 inches fall. Now, no one
here can suppose that the inch punch
with the same weight behind it requires

four times the fall. You see it is about
equal to it with an equal fall. For per-

foration, then, the energies required, are

in the proportion of nearly four to one
;

for smashing they are equal. Does not
this show what a totally wrong principle

is followed at Shoeburyness, at St. Peters-

burgh, and at Spezia, when the shot is

matched against hard armor on the data

for perforation ? I do not mean that

results which are grossly wrong are ob-
tained. I have taken extreme conditions

to bring out the error palpably, but this

error certainly exists in a degree.* It is

much easier, however, to find fault than
to suggest a remedy. How can hard
armor be dealt with

1

? I have been in the

habit, when writing in the Engineer, of

trying to measure the shock against hard
armor by the energy per ton of shield,

and only learned recently that Gruson
employs the same measure. Neverthe-
less, while it is of some use as a check on
the perforation figure, it is itself just as

wrong in theory. It is quite clear that

there must be some limit as to the dis-

tance of the mass we thus deal with from
the point of impact. If I strike a long-

narrow plate near one end, surely it will

snap across. The length is immaterial

here, and I shall get nearly the same re-

sults with two plates, one double the
length and weight of the other, and
therefore receiving only half the shock
per ton. "We must not, then, blindly take

the whole weight of each plate as the

basis of calculation.

The results of fracture constitute so

difficult a problem that it has been said

that it has nothing to say to mathemati-
cal calculation. This, however, you wilL

I think, not concede. Surely the line of

least resistance must be subject to me-
chanical laws, however hard to discover.

Even steel itself, though we may be-

tempted to think so, is not really capri-

cious, but is bound to follow certain laws.

In this question we have no doubt diffi-

cult elements. As to dimensions, we
have probably primarily to consider the

minimum cross measurement as one line

of probable fracture, but you will see that

from various causes the plate does not

always so yield ; bolt-holes and other

elements may have their influence. Still,

while not a guide as to actual direction,

the minimum cross measurement may
help as to amount of resistance. On the

other hand, an increase in the maximum
direction or length of a plate is held

rather to facilitate cross fracture just as

a long stick is more easily broken than a

short one. The actual work of cracking

is difficult to investigate. Clearly the

* At Copenhagen, in March, 1S83, a 9-inch old type
Woolwich gun and a 5<%-inch Krupp were fired to-

gether. Their powers of perforation were as 118 and
123, wnile their total energies were 16,403 and 5,760.
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first portion of a crack represents much
more work than the completion of it,

consequently an increase in width of plate

would most probably not give a plate a

proportional increase in resisting power.
Such a question as this could only be in-

vegtigated by a very extended series of

experiments. I would, however, venture
to suggest that much might be done on
a very small scale. I understand Mr.
Whinfield to say that Sir Joseph Whit-
worth has found that experiments with
bullets represent generally the conditions

of similar ones with ordnance. I should
think, then, that much might be learned
by firing steel bullets against a series of

small plates of steel and chilled iron,

always keeping all conditions uniform,

-except those whose relation is the object

of investigation ; comparisons being made
as far as possible with such results of ex-

periments with ordnance as we possess.

Be this as it may, is it not obvious that

at the present moment all nations are in

want of experiments made with a view to

determine the conditions of fracture of

hard armor under impact ?

In England we need trials against the
hardest classes of armor, that is, solid

steel and chilled iron ; otherwise, our
success in perforating iron, and even
steel-faced armor, may tend to develop
hardness in our shot at the expense of

the tenacity that is needed for the hard-

est classes of foreign armor. These two
classes— solid steel and chilled iron—we
ought to have specially in view, because
many of the ships which most concern us
carry steel, namely, the Admiral Duperre
and most French ships, as well as the
Duilio and Dandolo, while nearly all

foreign coast forts have chilled iron

armor. Chilled iron had been adopted
for inland forts as well as coast defences
in France, owing to its power to resist

chilled shot ; but in 1882 steel projectiles

were tried against it, and produced such
effect that chilled iron was then con-

demned for inland works, which, it may
be observed, are liable to be exposed to

more prolonged and systematic fire than
coast forts. Should we unfortunately
retain our chilled shot after foreign pow-
ers adopt steel, the above verdict in

France would imply that chilled iron
forts are good enough to resist English
shot, but not those of other nations. At
Meppen, in 1879, chilled shot failed

against a chilled iron shield, and had to

be replaced by steel projectiles. If it be
urged that the attack of armored coast
forts is an exceptional and undesirable
operation, it must surely be admitted
that the weakness here brought out must
be exhibited in a measure against other
hard structures, and is surely a matter to

investigate. Last year a commission was
sent over from America to investigate the
condition of iron and steel in Europe. It

is said that the report speaks unfavorably
of English steel. This is to be under-
stood if it refer to our steel projectiles,

which seem specially to need encourage-
ment at the present time.

Captain Mackinlay, R.A., referring to

a remark of Captain Orde Browne's, said

he had brought out in a very clear man-
ner the different behavior of steel or
compound armor and of wrought iron

alone, when struck by a projectile. With
the old system of wrought iron it was easy
to tell beforehand what might be effected

by a given projectile, striking with a
given velocity ; but experiments with the
modern kind of armor showed that the
estimation of probable results beforehand
was not an easy matter. Mention had
been made of a steel-faced plate at iShoe-

buryness, the resisting power of which
was very good, and from the absence of

concentric cracks it would appear that

that plate had been only slightly deformed,
and had been kept in its place by the
rigid backing behind it. Contrasting
with this the behavior of the compound
plates at Spezia, which broke up, it would
appear that where the target itself was
able to give way considerably, such a

plate would be likely to break up. There-
fore no estimation of the probable resist-

ing power of any new plate could be well

arrived at without a careful consideration

of the backing. The frame holding
experimental targets was not generally

nearly so rigid as that which would eon-

tain it on an actual fortification or on a

ship. Coast forts might have an advant-

age over ships, for the reason that it was
easy to give a rigid backing to armor on
a fort, where weight was of little account,

but it was not so easy in the case of a

ship ; so that if a plate were struck at

some point between the ribs, there would
not be so good a result as if it had an
even surface of granite behind it. Cap-
tain Orde Browne said that the heavier
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the plate, the better was it able to resist

the blow ; and that seemed to be a point

worthy of great consideration. With
wrought iron it apparently did not mat-
ter so much what the size of the plate

was ; the chief point was its thickness.

A large plate of steel appeared to have
better resisting powers than a smaller

one, because to a considerable extent it

was able to distribute the blow through-

out the whole of it. A few years ago an
experiment was made on the English
coast by firing at a ship's turret, which
received two blows, nearly enough to

penetrate it. The object of the experi-

ment was to determine whether the turret

could afterwards be revolved, or whether
any besides local damage had been inflict-

ed. That turret revolved freely after-

wards. In the case of the Huascar, in

the war between Chili and Peru, the tur-

ret could also be revolved after being
penetrated several times by 9-inch pro-

jectiles. In compound armor the whole
effect of the blow was more taken by the

whole mass, and it was a question whether
turrets made of that new kind of armor
would not jam after they were hit. At-

tention had recently been drawn to this

point in the discussion on Colonel Mon-
crieff's lecture at the Royal United States

Service Institution. With regard to

armorplates, there are only two manufac-
tories in England, both being in Sheffield.

It would be an advantage, from a national

point of view, that other makers should
take it up, so that there might be several

firms to make a large supply of armor if

required to meet sudden demands.
Mr. J. Riley said he had often wondered

why the government had not done more
with regard to steel projectiles. Some
years ago he sent for trial half-a-dozen

shot and shell made of steel. The
Terre Noire Works made shot and shell

largely, and why those should be so much
more highly prized than shot made in

this country he could not understand.
Mr. Henry Davey said that it occurred to

him that if they could destroy some of

the energy of the shot before it was
brought on to the actual armorplate, it

would be a point of great importance. If

one armorplate was put in front of the

other, the shot after passing through
the first plate would have so much of its

energy spent that it would require a less

resisting material behind it.

Mr. Scattergood stated that if Captain
Browne had said nothing more than was
contained in the last five lines of his

paper, he had shown that it was the duty
of the manufacturers of iron and steel to

do the best they could to retrieve what
they appeared to have lost—their good
name. Captain Browne had referred to

the commission sent from America to in-

vestigate the condition of iron and steel

in Europe, who had reported, it was said,

unfavorably of English steel. He sup-

posed the object of bringing forward the

paper was to induce the manufacturers
of steel to make better steel than they
had hitherto done.

The President thought he ought not
to allow the discussion to proceed with-

out remarking that Captain Browne dis-

tinctly stated that the steel was found
not to be suitable for a special purpose,
though no fault was found with the steel

as steel. It was for those gentlemen who
conducted experiments like those of

which Captain Browne had spoken to tell

the steel manufacturers of the country
what were the precise qualities of steel

required for their purposes. Whenever
that was done, English manufacturers
would, he had no doubt, produce steel to

satisfy the requirements of artillerists.

Mr. Nordenfelt believed the reason why
English manufacturers had had so little

chance of showing what could be done
in projectiles, as well as other things,

was that they had so little opportunity of

trying what they made. In England
there was a school of gunnery, with high-

ly intelligent officers, and the colonel

there had two assistants. But in France,
independently of the land artillery, the

marine artillery kept a staff of sixteen

officers, who did nothing but experiment
with the manufacturers of the steel-

makers of that country. It was a matter
of money. The treasury here did not
like to ask for the money, and the officers

who had charge of the Government fac-

tories dared not ask for money, for if

they did they would be snubbed. He
believed that the experts in charge of

these matters in this country went almost
further than Captain Browne, in admit-
ting the value of steel, and in admitting
that in this country steel had been made
by manufacturers which had done quite

as much, if not more, than the French
steel projectiles.
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The President said that it was his

pleasing duty to record a vote of thanks

to Captain Browne for his interesting-

paper, which opened up many subjects

worthy of the consideration of his pro-

fession, as also of the iron and steel

manufacturers of England. Not only

iron and steel manufacturers, but the na-

tion also was much indebted to him for

having called attention to the serious

question of the nature of the projectile

which should be prepared for attacking

armor of different descriptions. It would
be very desirable that they should be in-

formed what was the specific nature of

the steel which the Government would
in the first instance be willing to test for

the purpose to which he had referred.

Nothing was better understood than the

production of steel of any degree of

tenacity and hardness ; all the English
manufacturers required was to be told

what were the qualities best adapted for

the purpose intended, viz., breaking the
armor up ; because he supposed that

penetration of the hard armor-plates now
generally adopted here and abroad was
out of the question.

Captain Orde Browne said that with
regard to what Captain Mackinlay had
stated, he wished to make it clear that it

was so intolerable to have a hole made in

a shield and to get a shell far through it

so as to explode in the interior, that he
looked upon it as a certainty that armor
would always be made hard enough to

stop that. The introduction of hard ar-

mor was having a greater effect upon
shot than people were aware of. Econo-
my caused them to try their own shot
against their own armor, and he had told

the authorities that they ought not to be
content with trying wrought iron and
steel-faced armor. With the exception of

wrought iron, steel-faced armor was the
softest of any, and that was the hardest
we have in England. Other countries
used steel which was harder, and chilled

iron which was harder still. These ex-

tremely hard kinds of armor called for a
different class of projectile to that which
had been used in this country. Chilled

shot, which did very well for wrought
iron, failed against chilled armor. Krupp,
in one experiment, wanted to show that

a wrought iron shield was better than one
of chilled iron. Gruson, a rival of Krupp,
manufactured chilled iron, and Krupp

wanted to show that his rival's shield was
a bad one. He made his rival's shield

and his own, and said he would destroy

both by chilled projectiles. But he found
that his rival's shield stood so much bet-

ter than he expected, that he took to steel

shot, and then in time he broke it up. It

was true that a chilled shot going through
soft armor would break up, but it would
go on and get through, and its front re-

mained perfectly sharp. A softer shot

was inferior in penetration, but was bet-

ter for very hard armor, because if both
shot were abruptly resisted before each

shot got the support which it did during
penetration, the hard shot would smash
to pieces, producing but little effect, and
the softer shot would produce more effect,

although it also broke up. They were
rather running on wrong lines in this

country, because they kept on using
armor which did not bring out the full

value of tenacity in the shot. He had
never seen, chilled iron or steel fired at in

this country except one steel target be-

longing to Sir Joseph Whitworth. Chilled

iron was fired at many years ago, but it

was then in a very embryo condition. He
thought it was detrimental to this coun-

try that they did not try shot against the

very hard armor used abi'oad. Captain
Mackinlay had called attention to the

experiments made against the Glatton

turret some years ago, and showed that

however much they could perforate a

wrought iron turret, it could afterwards

be revolved, and now they had got rather

smaller bores and higher velocities, the

shot would penetrate with less resistance

and less contortion. The whole thing

was, what was the resistance in the act

of going through? It looked as if a

wrought iron turret would not be affect-

ed because they had shot of greater

power of perforation. The shot tired at

the Glatton turret nearly performed the

possible work that could be done for the

size of the hole it made, and still the tur-

ret worked very well. If they substituted

hard armor for soft, the work was dis-

tributed through the whole mass, and it

was more likely to suffer distortion. He
had seen a steel-faced target at Shoebury-
ness in which the whole plate was driven

back several inches, but they never could

see a thing like that in wrought iron.

That was a serious thing for a turret,

because if the shot had sufficient work in



72 VAN NOSTRAND'S ENGINEERING MAGAZINE.

it it might have lifted the entire turret up

;

and the reason it did not dislocate the

turret was, because the work was local

and rapid. The Inflexible had steel-

faced armor, and therefore, as they went
on to harden armor, there might come a
time when it might be necessary to try

further experiments, such as firing at an
armor-plated ship. With regard to double
plates the question was a very large one,

and some very odd effects had been pro-

duce by them. One was that if they had
two plates, with a space in between, and
fired a chilled shot at them, the shot would
go through a comparatively insignificant

front plate, and then on striking the back
plate it would fly into fragments. That
could not be utilized, because foreign

nations did not use chilled shot, and be-

cause they might fire a shell which would
blow the front plate off. Supposing they
had a steel plate capable of keeping out
a certain shot, and they put a thin

wrought iron plate in front of it, the shot

that was before kept out would now go
through the iron, steel, and all, for the
reason that it was not resisted when its

point only touched the shield. If they
resisted the shot when its point only was
touching, they got an outward thrust and
smashed the shot to pieces ; but if the
shot were allowed to get its head in, it

was then supported all round, and would
go through. He had stated that the
Americans spoke unfavorably of English
steel, but he hoped he was not responsi-

ble for everything that Americans said.

The report was not out yet, but it had
been hinted to him that it stated that

English steel was in a bad state. He
could only attribute that to the fact that

they had not made steel shot on a large

scale, for the reason that the government
would not have it, and he did not think
the government fully appreciated the

position of the question. Steel project-

iles were expensive, but they had to prove
them against targets, and the targets cost

money. If any one made a steel project-

ile, and sent it to Shoeburyness to be
tested, he would only have the oppor-
tunity of tryhog it as far as he had money
to spend, at the rate of £4.000 or £5,000
for each shield of iron, and he could not
try more than two or three shots at each
plate. Then if it turned out badly the
maker's reputation was staked upon it.

He once tried to persuade the ord-

nance committee to this. He believed

the manufacture of steel shot in the

country wanted developing very much
indeed. The French a year and a half

or two years ago adopted cast chilled

iron armor, and retained it as long as

they fired chilled shot, but when once
they fired steel shot they condemned the

whole thing. At this moment all Eng-
lish ships carried chilled iron shot, and
not steel. The French chilled iron shields

then were good enough to resist our
chilled shot, but not steel shot ; and a

foreign nation that adopted steel shot

would have projectiles much better than
our own. Anything that could be done
to prove the necessity for the manufac-
ture of steel projectiles in this country
would, he believed, be of great service,

and that was one of his reasons for bring-

ing forward this paper.

The Conductivity of Copper.—The true na-
ture of electrical resistance is by no means

well known ; and the only light which the in-

duction balance of Professor Hughes has as yet

shed upon it has not revealed its true nature.

An interesting observation recently made by
Mr. W. Groves, the well-known practical elec-

trician of Bolsover Street, W., deserves to be

more widely known. Mr. Groves took thin

discs of brass and coated them by electro-depo-

sition with a thick layer of pure crystalline cop-

per. He then cut similar discs of copper from
the deposit and tested them in the induction

balance. The scale gave 200 as their induc-

tion value. The same discs, after being melted

in a founder's furnace, only gave 100 on the

scale, and after a second melting their induc-

tion value had fallen to nearly that of ordi-

nary sheet copper, namely from 50 deg. to 80

deg. H, as many believe, the induction value

represents the conductivity of the copper, there

is here -a great falling off, and it might be val-

uable not only in a theoretical, but a practical

sense, to find out the true cause. Dr. Mathies-

sen found that copper lost in conductivity by
absorption of oxygen, and the pure copper be-

ing fused in an ordinary founder's furnace may
have lost its electric conducting power by ab-

sorption of this impurity. Should that prove

to be the case there is much to be gained by
fusing copper in presence of hydrogen, which,

uniting with the oxygen, would form water,

and leave the copper in its pure condition. To
ascertain this it will be necessary to call in the

aid of chemistry, and analyze the copper so

treated. Mr. Grove's experiment is interesting

as opening up a field for further investigation.

Should the effect in question not be traceable

to the absorption of oxygen it may be due to

the molecular structure of the copper in the

three cases mentioned, the crystalline structure

of the first case being more conductive than
the molten structure in the other two cases.
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THE TWO MANNERS OF MOTION OF WATER.
By Prof. OSBORNE REYNOLDS, F.R.S.

From "Nature."

It has long been a matter of very gen-
eral regret with those who are interested

in natural philosophy that in spite of

the most strenuous efforts of the ablest

mathematicians the theory of fluid mo-
tion fits very ill with the actual beha-

vior of fluids, and this for unexplained
reasons. The theory itself appears to be
very tolerably complete, and affords the

means of calculating the results to be
expected in almost every case of fluid

motion, but while in many cases the the-

oretical results agree with those actually

obtained, in other cases they are alto-

gether different.

If we take a small body, such as a

raindrop, moving through the air, the
theory gives us the true law of resistance;

but if we take a large body, such as a

ship moving through the water, the theo-

retical law of resistance is altogether out

;

and what is the most unsatisfactory part
of the matter is that the theory affords

no clue to the reason why it should ap-

ply to the one class more than to the
other.

When, seven years ago, I had the
honor of lecturing in this room on the
then novel subject of vortex motion, I

ventured to insist that the reason why
such ill success had attended our theo-

retical efforts was because, owing to

the uniform clearness or opacity of water
of water and air, we can see nothing of

the internal motion, and while exhibit-

ing the phenomena of vortex rings in

water, rendered strikingly apparent by
partially coloring the water, but other-

wise as strikingly invisible, I ventured
to predict that the more general applica-

tion of this method, which I may call the
method of color bands, would reveal

clues to those mysteries of fluid motion
which had baffled philosophy.

To-night I venture to claim what is, at

all events, a partial verification of that
prediction. The fact that we can see as
far into fluids as into solids naturally
raises the question why the same success

* Lecture at the Royal Institution, on Friday, March
28.

should not have been obtained in the

case of theory of fluids as in that of

solids. The answer is plain enough. As
a rule there is no internal motion in solid

bodies, and hence our theory, based on
the assumption of relative internal rest,

applies to all cases. It is not, however,

impossible that, at all events, a seemingly
solid body should have internal motion.

and a simple experiment will show that

if a class of such bodies existed they

would apparently have disobeyed the

laws of motion.
These two wooden cubes are appar-

ently just alike, each has a string tied to

it. Now, if a ball is suspended by a

string you all know that it hangs verti-

cally below the point of suspension, or

swings like a pendulum
;
you see this

one does so, the other, you see behaves

quite differently, turning up sideways.

The effect is very striking so long as you
do not know the cause. There is a heavy

revolving wheel inside, which makes it

behave like a top.

Now, what I wish you to see is, that

had such bodies been a work of nature,

so that we could not see what was going

on—if, for instance, apples were of this

nature while pears were what they are,

the laws of motion would not have been

discovered, or, if discovered for pears,

would not have applied to apples, and so

would hardly have been thought satisfac-

tory.

Such is the case with fluids. Here
are two vessels of water which appear

exactly similar, even more so than the

solids, because you can see right through
them, and there is nothing unreasonable
in supposing that the same laws of mo-
tion would apply to both vessels. The
application of the method of color-bands,

however, reveals a secret—the water of

the one is at rest, while that in the other

is in a high state of agitation.

I am speaking of the two manners of

motion of water—not because there are

only two motions possible : looked at by
their general appearance the motions of

water are infinite in number ; but what it
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is my object to make clear to-night is, that

all the various phenomena of moving
water may be divided into two broadly
distinct classes, not according to what
with uniform fluids are their apparent mo-
tions, but according to what are the inter-

nal motions of the fluids which are invis-

ible with clear fluids, but which become
visible with color-bands.

The phenomena to be shown will, I

hope, have some interest in them-
selves, but their intrinsic interest is

as nothing compared to their philosophi-

cal interest. On this, however, I can
but slightly touch. I have already point-

ed out that the problems of fluid motion
may be divided into two classes, those in

which the theoretical results agree with
the experimental and those in which they
are altogether different. Now what
makes the recognition of the two man-
ners of internal motion of fluids so im-

portant is, that all those problems to

which the theory fits belong to the one
class of internal motions. The point be-

fore us to-night is simple enough, and
may be well expressed by analogy. Most
of us have more or less familiarity with
the motion of troops, and we can well

understand that there exists a science of

military tactics which treats of the best
manoeuvres to meet particular circum-
stances. Suppose this science proceeds
on the assumption that the discipline of

the troops is perfect, and hence takes no
account of such moral effects as may be
produced by the presence of an enemy.
Such a theory would stand in the same
relation to the movements of troops as

that of hydrodynamics does to the move-
ments of water. For although only dis-

ciplined motion may be recognized in

military tactics, troops have another
manner of motion when anything dis-

turbs their order. And this is precisely

how it is with water ; it will move in a

perfectly direct disciplined manner under
some circumstances, while under others
it becomes a mass of eddies and cross

streams, which may be well likened to

a whirling struggling mob, where each
individual element is obstructing the
others. Nor does the analogy end here.

The circumstances which determine
whether the motion of troops shall be a
march or a scramble are closely analo-

gous to those which determine whether
the motion of water shall be direct or

sinuous. In both cases there is a cer-

tain influence necessary for order:

with troops it is discipline, with water
it is viscosity or treaclyness. The
better the discipline of the troops, or
the more treacly the fluid, the less likely

is steady motion to be disturbed under
any circumstances. On the other hand
speed and size are in both cases in-

fluences conducive to unsteadiness. The
larger the army and the more rapid the

evolutions, the greater the chance of dis-

order ; so with fluid, the larger the chan-

nel and the greater the velocity the more
chance of eddies. "With troops some
evolutions are much more difficult to ef-

fect with steadiness than others, and
some evolutions which would be perfectly

safe on parade would be sheer madness
in the presence of an enemy. It is much
the same with water.

One of my chief objects in introducing

this analogy is to illustrate the fact that

even while executing manoeuvres in a

steady manner there may be a fundamen-
tal difference in the condition of the fluid.

This is easily realized in the case of

troops, difficult and easy manoeuvres may
be executed in equally steady manners if

all goes well, but the conditions of the

moving troops are essentially different,

for while in the one case, any slight

disarrangement would be easily rectified,

in the other it would inevitably lead to a

scramble. The source of such a change
in the manner of motion may be ascribed

either to the delicacy of the manoeuvre or

to the upsetting disarrangement, but as

a matter of fact both these causes are

necessary. In the case of extreme deli-

cacy an infinitely small disturbance, such

as is always to be counted upon, will

effect the change. Under these circum-

stances we may well describe the condi-

tion of the troops in the simple manoeuvre
as stable, while that in the difficult ma-
noeuvre is unstable, i. e., will break down
on the smallest disarrangement. The
small disarrangement is the immediate
cause of the break-down in the same
sense as the sound of a voice is sometimes
the cause of an avalanche, but since such
disarrangement is certain to occur a con-

dition of instability is the real cause of

the change.
All this is exactly true for the motion

of water. Supposing no disarrangement,

the water would move in the manner
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indicated in theory, just as if there were
no disturbance an egg would stand on its

end, but as there is always some slight

disturbance it is only when the condition

of steady motion is more or less stable

that it can exist. In addition then to the

theories either of military tactics or of

hydrodynamics, it is necessary to know
under what circumstances the manoeuvres
of which they treat are stable or unstable.

It is in definitely separating these that the

method of color-bands has done good
service, which will remove the discredit

in which the theory of hydrodynamics
has been held.

In the first place it has shown that the

property of viscosity or treaclyness pos-

sessed more or less by all fluids is the

general influence conducive to steadiness,

while, on the other hand, space and
velocity have the counter influence. Also
that the effect of these influences is sub-

ject to a perfectly definite law, which is

that a particular evolution becomes un-

stable for a definite value of the viscosity

divided by the product of the velocity

and space. This law explains a vast

number of phenomena which have hither-

to appeared paradoxical, one general con-

clusion is that with sufficiently slow
motion all manners of motion are stable.

The effect of viscosity is well shown
by introducing a band of colored water
across a beaker filled with clear water at

rest. Then, when all is quite still, turn
the beaker about its axis. The glass

turns, but not the water, except that

which is quite close to the glass. The
colored water which is close to the glass

is drawn out into what looks like a long
smear, but it is not a smear. It is simply
a color-band extending from the point in

which the color touched the glass in a

spiral manner inwards ; showing that the

viscosity is slowly communicating the

motion of the glass to the water within.

To show this it is only necessary to turn
the beaker back, and the smear closes up
until the color-band assumes its radial:

position. Throughout this evolution the
motion has been quite steady—quite ac-

cording to the theory.

When water flows steadily, it flows in

streams. Water flowing along a pipe is

such a stream. This is bounded by the
solid surface of the pipe, but if the water
is flowing steadily we can imagine the
water to be divided by ideal tubes into a

faggot of indefinitely small streams, any
one of which may be colored without al-

tering its motion, just as one column of

infantry may be distinguished from an-

other by color.

If there is internal motion, it is clear

that we cannot consider the whole stream
bounded by the pipe as a faggot of ele-

mentary streams, as the water is continu-

ally crossing the pipe from one side to

another, any more than we can distin-

guish the streaks of color in a human
stream in the corridor of a theatre.

Solid walls are not necessary to form a
stream. The jets from a fountain or cas-

cade in Niagara are streams bounded by
free surfaces. A river is a stream half

bounded by a solid surface. Streams may
be parallel, as in a pipe ; converging or

diverging, as in conical pipes ; or they

may be straight and curved. All these

circumstances have their influence on sta-

bility in the manner indicated in the ac-

companying diagram:

Circumstances Conducive to

Direct or Steady Motion

(1) Viscosity or fluid

friction which continu-
ally destroys disturb-

ance. Thus treacle is

steadier than water.

(2) A free bounding
surface.

(3) Converging solid

boundaries.

(4) Curvature of the
streams with the veloc-
ity greatest on the out-
side.

Sinuous or Unsteady
Motion

(5) Particular varia-

tion of velocity across

the stream, as when a
stream flows through
still water.

(6) Solid bounding
walls.

(7) Diverging solid

bounding walls.

(8) Curvature with
the velocity greatest on
the inside.

It has for a long time been noticed

that a stream of fluid through fluid other-

wise at rest is in an unstable condition.

It is this instability which renders flames

and jets sensitive to the slight disarrange-

ment caused by sound.

I have here a glass vessel of clean wa-

ter in front of the lantern, so that any
color-bands will be projected on to the

screen. You see the ends of two vertical

tubes facing each other : nothing is flow-

ing through these tubes, and the water in

the vessel is at rest. I now open two
taps, so as to allow a steady stream of

colored water to enter at the lower pipe,

water flowing out at the upper. The
water enters quite steadily, forms a sort

of vortex ring at the end, which proceeds

across the vessel, and passes out at the
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lower pipe. The colored stream then ex-

tends straight across the vessel, and fills

both pipes : you see no motion ; it looks
like a red glass rod. The red water is,

however, flowing slowly, so slowly that
viscosity is paramount, and hence the
stream is steady. As the speed is increased,

a certain wriggling, sinuous motion ap-

pears in the column ; a little faster and
the column breaks up into beautiful and
well-defined eddies, and spreads into the
surrounding water, which, becoming
opaque with color, gradually draws a veil

over the experiment. The final breaking
up of the column was doubtless deter-

mined by some slight vibration in the
apparatus, but such vibration, which is

always going on, will not affect the stream
until it is in a sufficiently unstable condi-

tion. The same is true of all streams
bounded by standing water.

If the motion is sufficiently slow, ac-

cording to the size of the stream and the
viscosity, the stream is steady and stable.

Then at a certain critical velocity, deter-

mined by the ratio of the viscosity of the
water to the diameter of the stream, the
stream becomes unstable. So that under
any conditions which involve a stream
through surrounding water, the motion
becomes unstable at sufficiently great ve-

locities.

Now one of the most noticeable facts

in experimental hydrodynamics is the dif-

ference in the way in which water flows

along contracting and expanding chan-
nels. Such channels are now projected
on the screen, surrounded and filled with
clean, still water. The mouth of the
tube at which the water enters is wide

;

the tube then contracts for some way,
then expands again gradually until it is

as wide as at the mouth. At present noth-
ing is to be seen of what is going on. On
coloring one of the elemetary streams,
however, outside the mouth, a color-band
is formed. This color-band is drawn in

with the surrounding water, and shows
what is going on. It enters quite steadily,

preserving its clear streak-like character
until it has reached the neck, where con-
vergence ceases ; then on entering the
expanding channel it is altogether broken
up into eddies. Thus the motion is di-

rect and steady in the contracting tube,
sinuous in the expanding.
The theory of hydrodynamics af-

fords no clue to the cause of this differ-

ence, and even as seen by the method of

color-bands the reason for the sinuous

motion is not obvious. If the current be
started suddenly at the first instant, the

motion is the same in both parts of the

channel. Its changing in the expanding
pipe seemed to imply that there the mo-
tion is unstable. If this were so, it

ought to appear from the theory. I am
ashamed to think of the time spent in

trying to make this out from the theory

without any result. I then had recourse

to the method of color again, and
found that there is an intermediate

When the tap is first opened, the im-

mediately ensuing motion is nearly the

same in both parts ; but, while that in

the contracting tube maintains its char-

acter, that in the expanding changes its

character : a vortex ring is formed which,

moving forwards, leaves the motion be-

hind that of a parallel stream through
the surrounding water. When the mo-
tion is sufficiently slow, the stream is

stable, as already explained; there is

then direct motion in both the contract-

ing and expanding portions of the tube,

but these are not similar, the first being

a faggot of similar elementary contract-

ing streams, the latter being that of one

parallel stream through surrounding

fluid. The first is a stable form, the

second an unstable, and on increasing

the velocity the first remains, while the

second breaks down, and as before, the

expanding tube is filled with eddies. This

experiment is typical of a large class of

motions. Whenever fluid flows through

a narrow neck, as it approaches the neck

it is steady, after passing the neck it is

sinuous. The same is produced by an

obstacle in the middle of a stream, and
virtually the same by the motion of a

solid through the water.

The object projected on the screen is

not unlike a ship. Here the ship is fixed

and the water flowing past it, but the

effect would be the same were the ship

moving-through the water. In the front

of the ship the stream is steady, so long

as it contracts, until it has passed the

middle ; you then see the eddies formed
as the streams expand again round the

stern. It is these eddies which account

for the difference between the actual and
theoretical resistance of ships.

It appears then that the motion in the
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expanding channel is sinuous, because

the only steady motion is that of a stream
through still water. Numerous cases in

which the motion is sinuous may be ex-

plained in the same way, but not all. If

we have a parallel channel, neither con-

tracting or expanding, the steady moving
streams will be a faggot of steady paral-

lel elementary streams all in motion but
having different velocities, those in the

middle moving the fastest. Here we
have a stream, but not through standing
water. When this investigation began,

it was not known whether such a stream
was ever steady ; but there was a well-

known anomaly in the resistance encoun-
tered in parallel channels. In rivers and
all pipes of sensible size experience had
shown that the resistance increased as

the square of the velocity, whereas in

very small pipes, such as represent the

smaller veins in animals, Poiseuille had
proved that the resistance increased as

the velocity. Thus since the resistance

would be as the square of the velocity

with sinuous motion, and as the ve-

locity in the case of direct motion, it

appeared that the discrepancy would
be accounted for if it could be shown
that the motion becomes unstable at

sufficiently large velocities according

to the size of the pipe. This has
been done. You see on the screen a pipe

with its end open. It is surrounded by
water, and by opening a tap I can draw
the water through it. This makes no
difference to the appearance until I color

one of the elementary streams, when you
see a beautiful streak of color extend all

along the pipe. So far the stream has
been running steadily, and it appears
quite stable. As the speed increases the
color-band naturally becomes finer, but
on reaching a certain speed the color-

band becomes unsteady and mixes with
the surrounding fluid filling the pipe.

This sinuous motion comes on at a defin-

ite velocity ; diminish the velocity ever
so little, the band becomes straight and
clear, increase it again and it breaks up.

This critical speed depends on the size

of the tube in the exact inverse ratio, the
smaller the tube the greater the velocity.

Also the more viscous the fluid the great-

er the velocity.

We have here, then, not only a com-
plete explanation of the difference in the
laws of resistance generally experienced,

and that found by Poiseuille, but also we
have complete evidence of the instability

of steady streams flowing between solid

surfaces. The cause of this instability

is not yet completely ascertained, but
this much is certain, that while lateral

stiffness in the walls of the tube is unim-
portant, inextensibility or tangential ri-

gidity is essential to the creation of ed-

dies. I cannot show you this, because
the only way in which we can produce
the necessary condition is by wind blow-
ing over the surface of water. When
the wind blows over water it imparts
motion to the surface of the water just

as a moving solid surface. Moving in

this way the water is not susceptible of

eddies, it is unstable, but the result is

waves. This is proved by a very old ex-

periment, which has recently attracted

considerable notice. If oil be put on the
surface it spreads out into an indefinitely

thin sheet, with only one of the charac-

teristics of a solid surface, it offers re-

sistance, very slight but still resistance

to extension or contraction. This resist-

tance, slight as it is, is sufficient to en-

tirely alter the character of the motion.
It renders the motion of the water un-
stable internally, and instead of waves,
what the wind does is to produce eddies
beneath the surface. To those who have
observed the phenomenon of oil prevent-
ing waves there is probably nothing
more striking throughout the region of

mechanics. A film of oil so thin that we
have no means of illustrating its thick-

ness, and which cannot be perceived ex-

cept by its effects—which possesses no
mechanical properties that can be made
apparent to our senses—is yet able to

prevent an action involving forces the
strongest that we can conceive, able to

upset our ships and destroy our coasts.

This, however, becomes intelligible when
we perceive that the action of the oil is

not to calm the sea by sheer force, but
merely, as by its moral force, to alter the
manner of motion produced by the ac-

tion of the wind from that of the terrible

waves on the surface into the harmless
eddies below. The wind brings the
water into a highly unstable condition.

into what morally we should call a con-
dition of great excitement : the oil, by an
influence we cannot perceive, directs this

excitement. This influence, although in-

sensibly small, is, however, now proved
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to be of a mechanical kind, and to me it

seems that this instance of one of the

most powerful mechanical actions of

which the forces of nature are capable of

being entirely controlled by a mechani-
cal force, so slight as to be imperceptible,

does away with every argument against

strictly mechanical sources for what we
may call mental and moral forces.

But to return to the instability in par-

allel channels. This has been the most
complete, as well as the most definite re-

sult of the method of color-bands. The
circumstances are such as render defin-

ite experiments possible ; these have
been made, and reveal a definite law of

instability, which law has been tested by
reference to all the numerous and impor-
tant experiments that have been record-

ed with reference to the law of resistance

in pipes, whence it appears that the

change in the variation of the resistance

from the velocity to the square of the
velocity agrees as regards the velocity at

which it occurs with the change from
stability to instability. It is thus shown
that water behaves in exactly the same
manner, whether the channel is, as in

Poiseulle's experiments, of the size of a

hair, or whether it be the size of a water
main or of the Mississippi, the only differ-

ence being that, in order that the mo-
tions may be compared, the velocities

must be inversely as the size of the

channels. This is not the only point ex-

plained.

If we consider other fluids than water,

some fluids like oil or treacle apparently
flow more slowly and steadily than water;

this, however, is only in smaller channels.

The velocity at which sinuous motion
commences increases with the viscosity.

Thus, while water in ordinary streams is

always above its critical velocity and the
motion sinuous, the motion of treacle in

such streams as we see is below its criti-

cal velocity and the motion is steady.

But if nature had produced rivers of

treacle the size of the Thames, the treacle

would have flowed as easily as water.

Thus, in the lava streams from a volcano,

although looked at closely the lava has
the consistency of a pudding, in the
large and rapid streams down the moun-
tain side the lava flows with eddies like

water.

There is now only one experiment left.

This relates to the effect of curvature in

the streams on the stability of the mo-
tion. Here again we see the whole effect

altered by apparently a very slight cause.

If the water be flowing in a bent channel
in steady streams, the question as to

whether the motion will be stable or not
turns on the variation of the velocity

across the channel. In front of the lan-

tern is a cylinder with glass ends, so that
the light passes through in the direction

of the axis. The cylinder is full of water,

the disk of light on the screen being the
light which passes through this water,
and is bounded by the circular walls of

the cylinder. By means of two tubes
temporarily attached, a stream of color is

introduced so as to form a color-band
right across the cylinder, extending from
wall to wall; the motion is very slow,

and, the taps being closed and the tubes
removed, the color-band is practically

stationary. The vessel is now caused to

revolve about its axis. At first only the
walls of the cylinder move, but the color-

band shows that the water gradually

takes up the motion, the streak being
wound off at the ends into two spiral

lines, but otherwise remaining still and
vertical : when the streak is all wound off

and the spirals meet in the middle, the

whole water is in motion. But as the

vessel is still revolving, the motion is

greatest at the outside, and is thus stable.

There are no eddies, although the spiral

rings are so close as nearly to touch each
other. The vessel stops, and gradually

stops the water, beginning at the outside.

If this went on steadily, the spirals would
be unwound and the streak restored ; but
as the velocity is now greater towards
the center, the motion is unstable for

some distance from the outside, and
eddies form, breaking up the spirals for

a certain distance towards the middle,

but leaving the middle revolving steadily.

Besides indicating the effect of curvature,

this experiment neatly illustrates the ac-

tion of the earth's surface on the air

moving over it, the variation of tempera-
ture having much the same effect on the

stability of the moving fluid as the curv-

ature of the vessel. The moving air is

unstable for a few thousand feet above
the earth's surface, and the motion con-

sequently sinuous to this height. The
mixing of the lower and upper strata

produces the heavy cumulus clouds, but
above this the influence of the tempera-
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tare predominates ; the motion is stable,

and clouds, if they form, are stratus, like

the inner spirals of the color-bands.

REPORTS OF ENGINEERING SOCIETIES.

American Society of Civil Engineers,
May 21, 1884. Vice-President Wm. H.

Pane in the chair, John Bogart, Secretary.

A description of a permanent transmitting
dynamometer, constructed by the late Prof.

Charles A. Smith, M. Am. Soc. C. E., was
read. This dynamometer was put up in con-
nection with the machine and engine rooms of

theManualT raining School at St. Louis, and has
been in coustant use for seven years. Its pecu-
liarity is simplicity. The tension of a belt being
measured through a balance beam which com-
presses a spring.

The subject of temperature of water at various

depths was discussed by Mr. D. J. Whitte-
more, President of the Society, who referred to

the fact that cold water is frequently obtained
by mariners upon the Great Lakes by sinking a

corked jug to some depth, and then by with-

drawing the cork the jug is filled with water
very cold and refreshing.

Observations upon the temperature of the
water at various depths in Pine Lake, Wiscon-
sin, were also represented.
Temperature observations upon Lake Supe-

rior, show comparatively constant temperature
at the bottom, of about 39 degrees, and in

depth from 400 to 100 feet.

Observations upon the temperatures of the
earth, as shown by deep mines, were presented
by Messrs. Hamilton Smith, Jr., and Edward
B. Dorsey. Mr. Smith said that the tempera-
ture of the earth varies very greatly at different

localities and in different geological formations.
There are decided exceptions to the general
law that the temperature increased with the
depth. At the New Almaden quicksilvermine
in California, at the depth of about 600 feet the
temperature was very high—some 115 degrees,
but in the deepest part of the same mine, 1,800
feet below the surface and 500 feet below sea
level, the temperature is very pleasant, probably
less than 80 degrees.

At the Eureka mines in California the air,

1,200 feet below the surface,"appears nearly as

cool as 100 feet below the surface. The normal
temperature of the earth at a depth of 50 or 60
feet is probably near the mean annual tempera-
ture of the air at the particular place. At the
Comstock mines, some years since, the miners
could remain but a few moments at a time on
account of the heat. Some ice water was given
them as an experiment ; it produced no ill ef-

fects, but the men worked to much better ad-
vantage, and since that time ice-water is fur-

nished in all these mines and drunk with appar-
ently no bad result.

Mr. E. B. Dorsey said that the mines on the
Comstock vein, Nevada, were exceptionally
hot. At depths of 1,500 to 2.C00 feet, the
thermometer placed in a fresh drilled hole will

show 130 degrees.
Very large bodies of water have run for years

at 155 degrees and smaller bodies at 170 de-
grees.

The temperature of the air is kept down to

110 degrees by forcing in fresh air cooled over
ice.

Captain Wheeler, U. S. Engineer, estimated
the heat extracted annually from the Comstock
by means of the water pumped out and cold
air forced in, as equal to that generated by the
combustion of 55,560 Ions of anthracite coal,

or 97,700 cords of wood. Observations were
then given upon temperature at every 100 feet

in the Forman shaft of the Overman mine, run-
ning from 53 degrees at a depth of 100 feet to

121T
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degrees at a depth of 2,300 feet. The

temperature increased:

100 to 1,000 feet deep, increase 1° in 29 feet.

100 to 1,800 " " " 1° in 30-5 "

100 to 2,300 " " " 1° in 32.3 "

A table was presented giving the temperatures
of a large number of deep mines, tunnels and
artesian wells. The two coolest mines or tun-
nels are in limestone, namely, Chanarcillo mines
and Mt. Cenis tunnel, and the two hottest are in

trachyte, and the "coal measures," viz., the
Comstock mines in trachyte and the South Bal-

gray in the " coal measures." Mr. Dorsey con-
sidered that experieuce showed that limestone
was the coolest formation.
Mr. Theodore Cooper gave a description of a

curious slide or slump which recently occurred
near Dover, New Hampshire, a large section of

a clay formation having gone bodily into the
adjacent river, moving trees with it but leaving
between the river and the cavity a bank of con-
siderable width.
June 4th, 1884.—Vice-President Wm. H.

Paine in the Chair, John Bogart, Secretary.

Ballots were canvassed and the following can-
didates were elicted:

—

As Members:—James P. Allen (transferred
from Junior), Charleston, S. C; Henry P. Bell,

Winnipeg, Manitoba; William F. Biddle,
Philadelphia, Pa.; Wendell R. Curtis (trans-

ferred from Junior). Savannah, Ga.: Chauncey
Ives, Chambersburg, Pa.; Mace Moulton, "Wil-

mington, Del.; Samuel Rae, Philadelphia, Pa.:

Percival Roberts, Jr. (transferred from Asso-
ciates), Philadelphia, Pa.; Levi L. Wheeler,
St. Louis, Mo.
As Associates:—Alan. H. G. Hardwicke,

Buffalo, N. Y.; William Roberts, Waltham,
Mass.
As Juniors:—William H. Buckhaupt, St.

Louis, Mo.; Allan D. Conover, Madison, Wis.:
Martin Gay, West New Brighton, N. Y.; Silas

B. Russell, St. Louis, Mo.; Chandler D. Starr.

New York City.

A paper was read by A. M. Wellington, M.
Am. Soc. C. E., giving the details and results

of experiments with a new apparatus upon the
friction of car journals at low velocities. These
experiments were undertaken to test the cor-
rectness of a series of tests described in a pre-
vious paper, which was made by starting cars
from a state os rest down a known grade, and
deducing the resistance from the velocity ac-
quired. The present experiments were made
by an apparatus in which the axle to be tested
is placed in an ordinary lathe having a great
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variety of speeds, the resistance of the axle

being measured by the levers connected with a
yoke encircling the axle, and transmitting the

pressures to a suitable "weighing apparatus. It

was found important that this weighing appara-

tus should be direct, as for instance, a platform

scale rather than a spring scale. The results of

these experiments, as to initial friction, were
that friction at very low journal speed is ab-

normally great, and more nearly constant than

any other element of friction.

This abnormal increase of friction is due
solely to the velocity of revolution. At veloci-

ties slightly greater, but still very low, the fric-

tion is still large, the co-efficient falling very
slowly and regularly as the velocity is in-

creased, but being constantly more and more
affected by differences of lubrication, load and
temperature. A very slight excess of initial

friction would generally be observed. There is

no such thing as a journal friction, as a friction

of rest in distinction from a friction of motion.

The fact that friction of rest appears to exist is

due solely to the fact that no journal or other

solid body can be instantly set into rapid mo-
tion by any force however great. At ordinary

operating velocities the character and complete-

ness of lubrication seems to be much more im-
portant than the kind of oil used, or even the

pressure or temperature.
Comparisons were made of experiments by

Prof. Thurston and by Mr. Tower, and the ex-

periments of the author. The rolling friction

proper in railroad service seems to be very
small indeed, not exceeding one pound per ton.

As to the resistance of freight trains in starting,

it is believed that the resistance at the begin-

ning of motion,in each journal, is about eighty

pounds per ton. A velocity of from one-half to

three miles an hour must be obtained before the

journal friction falls to ten pounds per ton. At
six miles per hour the journal friction is at least

one pound per ton higher than at usual work-
ing speeds. Temperature exerts a very marked
adverse influence upon friction at low veloci-

ties. The velocity of lowest journal friction is

10 to 15 miles per hour. With bath or other very
perfect lubrication there is a very slight increase

of journal friction accompanying velocities up to

55 miles per hour. With perfect lubrication, as

with pad or siphon, greater velocity is as apt to

decrease as to increase the co-efficient. The latter

being more like the ordinary lubrication in rail-

road service, we may say without sensible error

that the co-efficient of journal friction is ap-

proximately constant for velocities of 15 to 50
miles per hour.
The paper was discussed by members present.

Engineers' Club of Philadelphia—Special
Business Meeting, May 17th, .1884.

—

Vice-President J. J. deKinder in the chair , the

(Secretary presented, for Mr. Edward Parrish,

an illustrated account of the Effect of Sea Water
on the Iron Brandywine Shoal Lighthouse.
This Lighthouse was built in 1849-50, near the

mouth of the Delaware Bay, and stands in about
six feet of water. It is the first screw-pile struct-

ure built in the United States, and has but few
predecessors in the world. The house is sup-

ported on nine piles of hammered iron, sur-

rounded by fifty-two piles of rolled iron, acting
as an ice fender. The whole is strengthened
by systems of braces and ties. The effect of the
water on the iron, continually submerged, has
been to produce longitudinal seams or grooves,
with occasional holes on the surface ; in some
cases seriously reducing the strength. The
most extensive corrosion is observed on the
hammered iron. Round i"ods in the air are al-

tered in section approximating an irregular
polygon with longitudinal grooves.
The Secretary presented, for Mr. Sam'l Rea,

"A Treatise on Bridge Architecture in which
the Superior Advantages of the Flying Pendent
Lever Bridge are Fully Proved," by Thomas
Pope, New York, 1811, with Mr. Rea's com-
ments thereupon!1

.

Prof. L. M. Haupt read an illustrated paper
on Rapid Transit, giving valuable data relative

to the effects of velocity of movement on the
ratio of increase of population, and contrasting
the situation in New York and Philadelphia.
In comparing the topography of the two cities,

a silhoutte of Manhattan Island was laid on a
map of Philadelphia (same scale), showing that
the island, from the battery to 150th Street,

(nine and a half miles), only extended from
League Island to Erie Ave. From this it was
inferred that, if there was need for elevated
roads in New Yrork, there was greater need for

them in Philadelphia "as the necessity is pro-
portional to the extent of surface of a city and
the distance of its residents from the business
centers." The former commercial supremacy

i of Philadelphia was considered, with the rea-

j

sons for the rapid decline in the ratio of increase
of population, which has diminished from 79
per cent, in the decade 1840-50 to 25 per cent,

for 1870-80, whilst Camden's population has in-

creased from 51 per cent, in 1850-60 to 108 per
cent, in 1870-80. In short, Philadelphia is over-

flowing because her time limits of travel are too

restricted. Assuming the time limit at thirty

minutes each way or one hour per day, at the
usual velocities of travel, the limits of the

'

' Pedestrian City " were found to be a square
with diagonals of 4 miles and area 8 square
miles.

'

' Horse Car or Cable City," were found to be
a square with diagonals of 6 miles and area 18

square miles.

"Elevated R. R. City," were found to be a
square with diagonals of 12 miles and area 72
square miles.

" Underground City," were found to be a
square with diagonals of 20 miles and area 200
square miles.

The total area of Philadelphia is 129 square
miles, and of the built-up portion 13^, or 10i-

per cent. Deducting from the square repre-

senting the " street car city," the salient inter-

cepted by the Delaware River, it leaves just the

same area, or 13i square miles, showing the

city to have reached the limit of street car
travel. The areas benefited vary as the squares
of the velocity of travel ; hence elevated roads
would be worth to the city four times as much
as surface lines, and underground roads about
eleven times as much. Since 1850 Philadelphia

j

has lost in populatiou one-half a million people

j
equivalent to a revenue on the real estate which
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they would have occupied and improved of

about $2,000,000 per annum. The two broad
zones of the overcrowded portion of the city

were also outlined, and the extent of the bene-
fits to be conferred by only two lines of ele-

vated roads were clearly shown by diagrams to

extend to the entire city, Elevated roads oc-

cupy an intermediate position in cost of con-
struction, rate of travel and general utility be-

tween surface and underground structures, and
there can be no doubt that the time has fully

arrived when this city, for Tier own sake, re-

quires them and should heartily co-operate with
any parties so proposing to improve and extend
her resources. The following were some of the
conclusions arrived at.

1. The city has reached and already surpassed
the ordinary limits of street car travel.

2. The ratio of increase of population is

rapidly declining chiefly from lack of more
rapid and cheaper means of transit.

3. The present steam roads in the city cannot
supply the demand as they are surface line

trains and must move slowly and cannot be
lira at close intervals ; fares are too high and
stations too distant.

4. Camden, N. J., is rapidly gaining popu-
lation at the expense of Philadelphia.

5. The annual loss to the city in revenue
from the cause will reach millions of dollars.

6. Unless relief is afforded the city will be
corralled by time limits and the density of the

population must increase rapidly at the expense
of health and morality.

7. Two lines of elevated railroads at right
angles to each other, and properly located,
would benefit an area equal to double that of

the built up portion of the city.

8. The fears of opponents of elevated of
roads of losses to the city or the individual, from
withdrawal of patronage or depreciation of prop-
erty, are shown by experience in New York to

be groundless.
9. If Philadelphia desires to retain even the

present low rate of increase in population, and
high rate of salubrity, she must promptly re-

spond favorably to the request of her citizens

to be permitted to build elevated roads.
10. The limits of the city are not such as to

warrant any corporatian in building an under-
ground road were it recommended or allowed,
with any fair prospects of returns, for many
years.

Mr. Wm, H. Ridgway read a paper upon the
Action of Water in the Modern Turbine, claim-
ing that it is nothing more than an improved
Barker's Mill, and that there is no such thing as
the water spurting through the shutes and im-
pinging on the buckets as is generally believed,
—the wheel on the contrary taking a velocity
very much greater than that of the inflowing
water.
Mr. J. J. deKinder presented an illustrated

description of a method of Removing Con-
demned Machinery by Dynamite, as practiced
by him in the case of the side levers of the old
Cornish Pumping Engine at Spring Garden
Water Works, Philadelphia, which weighed
29,000 lbs. each. Drilling, tapping and break-
ing each beam in two, with half a pound of
dynamite, and without injury to the building
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or other machinery, occupied thirteen hours.
Even had dispatch been unnecessary, it might
have taken two weeks to do this work by the
ordinary methods.
The Tellers of Election reported that one

hundred votes had been cast, ahd the following
gentlemen elected Active Members of the Club.
John H. Converse, W. Henry Sayen, 1. Norris

DeHaven, Alter Megear, Benj. P. Howell, T.

A. M. Matsdaira, R W. Davenport, John X.
Pott, J. B. Wilson, Walter C. Brooke, W.
Brooks Cabot, Gaylor Thompson, Wm. B.
Henszey and Archibald Stevenson.

Regular Meeting, Juke 7th, 1884.

President Wm. Ludlow in the chair, 27 mem-
bers and 3 visitors present.
The president announced, in relation to the

question of new and enlarged quarters for the
Club, that a house could be obtained in the fall,

in Girard Street, and requested the members to

be prepared to discuss and act upon the subject
at the next meeting.
Mr. Wm. H. Ridgway described a simple

crane, consisting of a cylinder hung from the
jibs of an ordinary foundry crane, and using
the steam directly to hoist the load ; and also

an elevator, in which water, receiving pressure

-

from the direct application of steam acting upon
a piston carrying a rack, gave motion to a shaft

carrying a pinion and drum wheel.
Mr. C. Henry Roney exhibited specimens of

American Sectional Electric Underground Con-
duits as laid in Philadelphia, described the
method of their construction in detail, the diffi-

culties encountered in avoiding the present un-
derground works, the manner of introducing
and arranging the wires, and the behavior of

the electric currents therein.

Prof. L. M. Haupt supplemented his paper
of May 17th, upon Rapid Transit, by an inter-

esting collection of statistics of the growth of

the city from the time of the " pack horse " to

the present, and showed, by maps, that his pre-

vious statements were verified by these sta-

tistics.

Mr. A. E. Lehman exhibited to the club a
model of a new protractor, and described the

invention and the improvements he has made
in it. It consists of a combination of pro-
tractor, T square, scales, etc., which may be
worked separately or together. As a protractor

only, it is complete, being graduated to de-

grees and fractions thereof and provided with
a vernier reading to three minutes. It can be
used, like an ordinary paper of ivory pro-

tractor, for hasty plotting, and combines tri-

angles and scales in one instrument. For care-

ful and precise work it is said to be equal to the

best special instrument and to be no higher in

price.

Mr. E. V. dTnvilliers read a paper ou " Some
Characteristics and the Mode of Occurrence
of the Brown Hematite (Limonite) Ores in

Central Penna," taking for his field of illustra-

tion the lower Silurian limestone valleys of

Centre Co. He described the anticlinal struc-

ture of these valleys, and the great erosion,

aerial and sub-a?rial, which these rocks ^6.000

feet thick) have undergone, influencing the

position and character of many of the present
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ore deposits. He applied this principle to the
different ferriferous limestone beds, and ex-
plained how this effect was aided by the alter-

nate rise and fall of the anticlinals along the
trend of their axes. He noted three varieties

of ore: 1st. The wash and lump hematite of

the Barrens. 2d. The true limestone "pipe
ore." 3d. An intermediate transition variety.

The first is always associated with the sandy
magnesian beds low down in the series of No.
II., or below 5,000 feet beneath the overlying
Hudson River Slates of No. III. This class shows
rounded ore and flint balls and tough, barren
clay, and are secondary or derived deposits of

irregular shape. They have been tested 100
feet deep, and contain from 45 to 53 per cent,

iron, and .051 to .113 phosphorus. The almost
total absence of bisulphide of iron is noticeable.

Cost of mining about $1.50 per ton. The
transition variety was assigned a position in the

formation from 3,500 to 5,000 feet below the
slates. They are characterized by a more cal-

careous clay, are compact, amorphous, liver

colored ores, containing from 40 to 49 per cent,

iron and from .115 to .365 per cent, phosphorus.
The pipe ores occur usually higher in the lime-
stones than either of the other two. but in this

country below tbe 400 feet of upper Trenton
layers. These ores occur in situ, between par-
allel walls of limestone ; in plate-like masses,
scales, or as cylindrical pipes in bunches 8 or
10 feet long, while feathering out both in line

of strike and dip. The deeper banks show the
repeated occurrence of crystals of iron pyrites

in all stages of metamorphism. They occur at

great depths, and show from 45 to 53 per cent,

iron andfrom .100 to .185 per cent, phosphorus.
The flint or quartz grains accompanying them
are rarely water worn, and this clay is very cal-

careous and easily washed, not requiring the
jigging necessary for cleansing the lower ores.

Cost of mining these ores varies from 90 cents
to $1.25 per ton.

Prof. L. M. Haupt called the attention of the
club to a bill, pending in Congress, to consoli-

date the U. S. Coast and Geodetic Survey with
the Navy Department.
Captain S. C. McCorkle, of the Coast Survey,

who was present, explained the effect that its

passage would have upon the future of the
work, and President Wm Ludlow gave, from
his own experience and knowledge, tbe reasons
why this change was contemplated. The Sec-
retary read his correspondence with Hon. Sam'l.

J. Randall upon the subject, and expressed
what he believes to be the unanimous sentiment
of the Civil Engineering profession of the
country, against any interference with a Survey,
the perfection of whose results is proverbial,

and against any increase of the already unwise
and unjust discrimination of the Government
against thoroughly competent Civil Engineers,
and in favor of a class who often (but with
notable exceptions) have, comparatively, but
little ability, and whose only claim is that the
Government has attempted to educate them,
and must, therefore, seem to provide them with
something to do.

Michigan Association of Sueveyoes and
Civil Engineees.—Contents of Proceed-

ings: Third meeting.

I. History of Legislation for Surveyors.
II. Foundations and Piers of the Wheeling

& Lake Erie Railroad Bridge, at Toledo, Ohio.
Bv Prof. Chas. E. Green.

III. Water Works for Small Cities. By G.W.
Pearsons, Kansas City, Mo.
IV. Reform School for Girls. By Burton

Kent, Adrian.
V. Compass Deviations on Vessels and the

Conversion of Compass Courses. By H. C.
Pearsons.

VI. Drainage Engineering. By R. C. Car-
penter.

VII. Practical Questions. By J. H. Leaven-
worth.

VIII. Horizontal and Vertical Distances
Without the Use of a Vertical Arc or Stadia
Wires. By H. C. Pearsons.

Contents of Peoceedings: Fourth Meeting.

Legislative Needs of Surveyors. By George
E. Steele.

The North Lansing Mill Dam. By A. D.
Bartholemew.
Wooden Pavements. By H. G. Rothwell.
Water as a Source of Engineering Difficulty.

By Prof. Chas. E. Green.
Common Roads. By Burton Kent,
Difficulties in City Surveying. By A. J.

Teed.
Logging Railroads. By E. F. Guild.

Practical Questions. By J. H. Leavenworth.
Necessary Instruments for Surveyors. By

Prof. J. B. Davis.
Surveying for Railroads. By F. Hodgman.
Projection of a Parallel of Latitude. ByH.

C. Pearsons.
Traverse Surveying. By Prof. J. B. Davis.

Engineering of Town and County Drains.

By S. N. Beden.
A Level Line of Sight. By Prof. J. B.

Davis.
The Judicial Functions of Surveyors. By

Justice Cooley.

ENGINEERING NOTES.

ABoaed of Teade report has been pub-

lished on the works in progress for the

construction of the bridge over the river Forth,

from which it appears that the most important

works at South Queensferry consist of the coffer

dams for the south cantilever pier and for No. 7

viaduct pier. The former is composed of two
rows of 12in. sheet piling, with outside struts

bearing against the piles, and sustained inter-

nally by heavy cross timbers. The dam meas-
ures 115 ft. by 65 ft. inside, and the piles, which
average 47 ft. long, are driven about 21 ft. into

the ground. With a view to safety and expedi-

tion the dam has been divided into two halves

;

the eastern half is completed, the water pumped
out, and a trial pit sunk in the center to ascer-

tain the depth of the hard clay ; at a depth of

9 ft. below the surface, and 12 ft. below low
water of spring tides, a compact layer of boul-

ders, averaging 18 in. thick, was reached, and
immediately below this the hard boulder clay

was entered, which appears to be very stiff and
compact. The piles of the western half of the

dam are nearly all driven, and it is expected
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that the water will shortly he pumped out and
the excavation commenced. About 96,000
cubic feet of granite have been delivered, of

which 64,000 cubic feet have been set, and
about 8,000 cubic yards of concrete are now in

position.

After full consideration of about twenty
plans of sewerage and sewage disposal,

submitted by different engineers, for the district

of Southall and Norwood—Middlesex—the Ux-
bridge Rural Sanitary Authority, has decided
on that prepared by Mr. John Anstie, O.E., of

Westminster-Chambers, and proposes, subject

to the approval of the Local Government Board,
to commence the works as soon as arrange-
ments can be made for purchase of the lands
required for the disposal of the sewage, which
belongs to the Earl of Jersey. The scheme
provides for the main sewerage of a district

about four square miles in area, with a view to

a considerable portion of it being hereafter
built upon, the disposal of the sewage being
effected by means of precipitating tanks, and
subsequent natural filtering of the water through
an area of land specially prepared. The under-
taking is estimated to cost about £10,000.

Ateial was recently made at Messrs. Grant,
Ritchie & Co.'s works, Kilmarnock, of

one of Mr. Joseph Moore's patent hydraulic
pumps. In these pumps there are no pump
rods, and in their place there are two pipes of

small diameter, in which is contained water
under a pressure of 1,000 lbs. per square inch.

This water serves as a hydraulic rod for trans-

mitting the power from the engine on the
surface to the pumps underground, and enables
the pumps to be placed round any number of

turns and at any distance from the engine.

The pump which Messrs. Grant, Ritchie & Co.
tested is for the Broxburn Oil Company. The
engine will be placed on the surface and the

pump down a drift 300 yards long. The verti-

cal lift will be 720 ft. In the trials the pnmp
was placed 120 ft. from the engine, and water
was discharged at a pressure of 200 lbs. per
square inch. It worked throughout very
smoothly and efficiently. The system is also

suitable for sinking, in which case the columns
of pipes and the plungers slide in wooden
guides in the same manner as a cage. They are

suspended by two sets of rods from a hydraulic
ram, which raises and lowers the pumps and
pipes in the sinking process.

IRON AND STEEL NOTES.

Here W. Httpfeld, an engineer of Prevali,

Austria, recently published the results of

a series of experiments on welding steel in the
Oestreichische Zeitschrift fur Berg-und Hutten-
Wesen. He instances the fact that the Austrian
navy, in its specifications for steel angles, has
a welding test which will certainly be conceded
to be severe. One of the sides is cut, the angle
is bent at right-angles, the flaps are welded to-

gether, and, when cold, the angle is again bent
straight. This test the Austrian Bessemer
steel will stand, the material having from 0.20

to 0.25 carbon, and a tensile strength of from
40 to 50 kilogs. During twenty-seven blows,

Herr Hupfeld cast two sample ingots 70 mm.
square and 800 mm. long, one of which was
used for the welding test, and the other for

the corresponding test of metal not welded.
One ingot was cut in two, and a butt well made,
each end being tapered so that, put together,
they had a bearing surface of 70 mm. Then,
after a second low heat, the welded part was
forged under a steam hammer to 20 mm.
square, and the rod turned to a diameter of

about 15 mm., and well polished. When tested

the bars yielded results which showed hardly
any deterioration through welding. Phos-
phorus, the Engineering and Mining Journal
mentions, was in no case above 0.045, and
sulphur not over 0.02 per cent. The tests show
that by welding the tensile strength is, on an
average, diminished by only 1.75 per cent., the
maximum being 5 per cent., and that the duc-
tility is increased by exactly the same amount.

Protecting Steel and Iron from Rust.—
Professor Calvert has recently made the

interesting discovery by practical tests, that the
carbonates of potash and soda possess the same
property of protecting iron and steel from rust as

do those alkalies in a caustic state. Thus it is

found, that, if an iron blade immersed in a solu-

tion of either of the above carbonates, it exer-

cises so protective an action, that that portion
of the iron which is exposed to the influence of

the damp atmospheric air does not oxidize,

even after so extended a period as two years.

Similar results, it appears, have also been ob-
tained with sea-water, on adding to the same
the carbonates of potash or soda in suitable

proportion.

A Fine Finish for Steel.—A Fine lusterless

surface on tempered steel can be pro-
cured by either of the following operations :

After the steel article has been tempered, it

should be rubbed on a smooth iron surface with
some pulverized oil-stone, until it is perfecdy
smooth and even, then laid upon a sheet of

white paper, and rubbed back and forth until

it acquires a fine dead finish. Any screw-holes,

or depression in the steel, must be cleaned be-

forehand with a piece of wood and oil-stone.

This delicate, lusterless surface is quite sensitive,

and should be rinsed with pure soft water only.

A more durable finish is obtained by smoking
the steel surface with an iron polisher and some
powdered oil-stone, carefully washing and rins-

ing ; then mix in a small vessel some fresh oil

and powdered oil-stone : dip into this mixture
the end of a piece of elder-pitch, and tiuish the

steel surface with a gentle pressure, cutting off

the end of the pitch as it commences to become
soiled. In conclusion, it should be thoroughly
cleaned in soft water, when the article will be
found to have a fine lusterless finish.

—

Popular
Science Series.

RAILWAY NOTES.
" Tnstructions with reference to Sanders-Bo-

I litho automatic vacuum brake" on the

Midland Railway have been issued, which show
that it is not an automatic brake. One para-

graph says:—"In the event of a train becoming
divided when going up a rising gradient, the
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guard must, in addition to turning the tap to

the 'remain-on' position, also apply his hand
brake tightly, and take such other measures as

may he necessary to prevent the vehicles from
moving."

TT^he gauge in India controversy is opening
I up a burning topic, and the battle of the

gauges will have to be fought again. There are

no less than five railway gauges in India—the

5 ft. 6 in., or broad gauge, the 3 ft. 3 in., or
meter gauge, the 4 ft. used on the Azimganj
Railway, the 2 ft. 6 in. gauge of the Gaekwar
of Baroda's line, and the 2 ft., or military gauge
of the Himalayan Railway. Practically the

contest now lies between the broad and meter
gauges; the most important lines have been
laid on the former, and the broad gauge is the
proper one to survive. What is now desired is

uniformity, as the present breaks of gauge, and
consequent shifting of goods add considerably
to the cost of transport, though Indian railways
now pay.

IN a report on an accident, which occurred
on the 28th February, at Fenchurch street

station on the great Eastern Railway, when, as

a passenger train was entering Fenchurch street

station, the engine left the rails with all its

wheels at the sharp curve leading from the

right-hand up line to No. 5 platform line, and
was stopped after running about 49 yards,

Major-General Hutchinson says:—"The train

consisted of an eight-wheeled tank engine, with
a four-wheeled trailing bogie, and a train of

twelve vehicles, fitted throughout with the

Westinghouse brake. This accident, which is

almost a repetition of those which occurred at

the same spot last October, must, I think, be
attributed to the speed having been too high
round the sharp curve of five chains radius,

and to the gauge at the points being unneces-
sarily tight, the result being that the left lead-

ing wheel of the engine left the rails at the

outside of the curve, having crossed the left

switch 15 in. from its tip."

While Germany has 21,865, England 18,-

685, and France 18,050 miles of rail-

way, Turkey has only 1,015 miles, though her
population is almost as numerous as that of

these three countries. There are four lines of

railway now open for traffic, the most important
being the Roumelian lines, which are 730 miles
long ; and upon which, in 1881—the last year
for which statistics have been given—the re-

ceipts were £587 a mile. The Smyrna, Cassaba
and Alachur Company has 295 miles of railway,

which in 1881 earned 395,000 passengers and
470 tons of goods; its receipts being £1,125 to

the mile. The Aidin Company has 120 miles
of railway, and carried 190,000 passengers and
500,000 tons of goods; its receipts being £1,088
to the mile. The Haidar Pasha line is 58 miles
long, and its receipts in 1881 were £573 per
mile. There is also a short line, 26 miles long,
from Mondavia to Broussa, which was opened
a few years ago. But it has been allowed to

fall into disuse, and the inhabitants of the dis-

trict through which it passes are using the
sleepers as firewood, and the rails themselves

to brace up their houses. Four new lines are
now in course of construction.

—

Engineer.

ORDNANCE AND NAVAL.

Casting Cannon foe the Asiebican Goveen-
mext.—A 12-inch rifle mortar, intended

as an experimental gun, was cast recently, by
the South Boston Ironworks. This is the be-

ginning of renewed activity in gun-making
after a period of seven years, during which
this portion of the plant has lain idle. This
is the first of five heavy experimental guns
contracted for by the Ordnance Department
last September. The other guns will be cast

shortly. One will be a 10-inch breech-loading
rifle, the body to be of cast iron, which is to be
reinforced bjr a wrapping of steel wire. An-
other will be a 12-inch breech-loading rifle en-

tirely of cast iron, and is to weigh, when fin-

ished, some 57 tons. The fourth is to be like

the last in all respects, with one exception, that

it is to be lined from the breech with a short

steel tube, to reach a little beyond the trun-

nions. The fifth is to be a 12-inch breech-load-
ing rifle, the body to be of cast iron, but to be
reinforced by steel rings around the breech,
and to be lined the full length with a steel

tube. The material used in all the castings will

be the Salisbury charcoal iron, mined and
smelted in Western Massachusetts. The guns
are cast on the rodman system. The South
Boston Ironworks have also contracted with
the Navy Department for the breech-loading
rifles to armor the new cruisers which John
Roach is now building.

ri^HE Chinese war steamer, Nan Thin, which
JL was lately detained at Newcastle-on-Tyne,
by order of the British Government, was built

by Mr. George Howaldt, of Kiel, and was
launched in the latter part of last year. The
vessel was not built for the Imperial Govern-
ment, but for the Viceroy of Canton, who pos-
sesses a small navy of his own. She is a steel-

built corvette of 2,200 tons, and is barque
rigged. Her principal dimensions are : Length
between perpendiculars, 277 ft. : breadth, ex-

treme, 38ft. ; depth in hold, 23ft. 4in. ;
draught

of water, 18ft. She is propelled by twin
screw engines of 3,000 indicated horse-power,
manufactured by her builder, and she is said to

steam at the rate of 14^ knots per hour. Her
armament consists of two 9in. and eight 40-

pounder breech-loading Armstrong guns, and
i it was for the purpose of taking these on board
! that she proceeded to Newcastle. The action
of the British Government in embargoing this

I

vessel has created much surprise on the Con-
tinent, as no valid excuse can be found for her
detention. It is maintained by competent au-

thorities that the German Government only is

i

responsible for any breach of international law
which may have been caused by her departure

i from a German port. It will be remembered
' that Mr. Howaldt was the builder of the ci

[

detant Peruvian cruisers, Diogenes and Soc-

\
rates, which were first seized at Kiel by the
German, and subsequently at Southampton by

;
the British Government.

—

Engineer.
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The New Screw Gun Vessel for the Navy.
—On the 7th May II. M. S. Reindeer,

screw gun vessel, which was built at Devon-
port and launched in November last, was taken
into the Channel for a peliminary trial of her
machinery, wdiich has been fitted by Messrs. R.
and W. Hawthorn, St. Peter's Works, New-
castle. The Reindeer is one of five vessels of a

class which is an improvement on the Dolphin
and Wanderer, recently commissioned at Sheer-
ness. Four of the ships, including the one tried,

have been or are being constructed, at Devon-
port, those on the stocks at present being the
Mariner, Racer, and Icarus. The fifth, the
Acorn, is being built at Pembroke Dock. The
Reindeer is fitted with six 5in. guns, two on
either side, one forward, and the other aft.

When the start was made the weather was
very threatening, and before the ship had been
long outside the wind rose to a gale. Never-
theless the trial proceeded very smoothly, the
machinery working splendidly throughout. The
engines are horizontal, compound, surface con-
densing, with high cylinder 32in. and low 54in.

in diameter, with 3ft. stroke. The engines are
fitted with Mr. F. C. Marshall's patent valve
gear, having one eccentric only for each cylinder,

which reduces the number of working parts to

a minimum. The engines are so arranged as

to cut off steam between 17 per cent, and 60 per
cent, of stroke without expansion valve. The
ship is fitted with three boilers 7ft. 2in. diam-
eter by 16ft. 9in. long. When the trial com-
menced the steam in the boilers was 90 lb., the
vacuum in the condensers 26.25in., the mean
revolutions per minute 74, mean pressure in the
higher 9.8 lb., in the low cylinder 12.4 lb. For
one hour the engines were woeked as the high-
est grade of expansion, giving 106 horse-power
in the high-pressure, cylinder and 384 in the
low-pressure cylinder—total 490. The engines
were then worked at different grades of expan-
sion with satisfactory results. The machinery
was then gradually worked up to full power, the
steam in the boilers being 82 lb. ; the vacuum in
the condensers, 26in.; revolutions 96 per min-
ute ; mean pressure in the high cylinder, 23 lb.

;

in the low cylinder, 14.3 lb.; giving an indi-

cated horse-power, high, 322; low, 572—total
894. The engines were next tried at one hour
jet injection. The mean steam in the boilers
was 75 lb., the vacuum in the condensers, 19in.;

revolutions, 75.8 per minute; mean pressure in
the high cylinder, 17.4 lb., in the low cylinder,
11.4 lb.; horse-power, high, 193; low, 361—
total, 554. Stopping and starting were next
tried. The engines going full speed ahead were
stopped in three seconds ; being stopped, they
were started astern in three seconds; going
astern, they were stopped and started ahead in
five seconds.

—

Engineer.

BOOK NOTICES

Publications Received.

^ ignal Service Notes :

No. VI. Report on Wind Velocities at
the Lake Crib and at Chicago. By H. A.
Hazen.
No. VII. Variation of Rainfall West of the

Mississippi River. By H. A. Hazen.

S 1

No. Vin. The Study of Meteorology in the
Schools of Germany, Switzerland and Austria.
By Frank Walds.
No. X. Report on the Lady Franklin Bay

Expedition of 1883. By Lieut. Ernest A. Gar-
ton. Washington : Signal Office.

From Mr. James Forrest, Secretary of the
Institution of Civil Engineers, we have received
the following papers of the Institution :

The Adoption of Standard Forms of Test
Pieces. By William Hackney, A. I. C. E.
Wood-working Machinery. By James Ber-

nard Hunter.
Speed on Canals. By Francis Roubillac

Conder, M. Inst. C. E.
Two Applications of Calculation to the Re-

sistance of Materials. By Charles Antoine, of

Brest.

The Theory of the Dynamo-Electric Machine.
By Randolph Clausius, Hon. M. Inst. C. E.

Abstracts of Papers, Vol. 74, part 4.

Monthly Weather Review for April. Wash-
ington : Signal Office.

School of Mines Quarterly for May.
Report to U. S. Commissioner of Fisheries

;

with Plans for the Fishways of the Great Falls

of the Potomac. By M. McDonald.
Report of the Board of State Engineers of

the State of Louisiana for 1882-83. Baton
Rouge : State Printer.

Symbolic Algebra, or the Algebra of Al-
gebraic Numbers. By Prof. Wm. Cain,

C. E. Van Nostrand's Science Series. No. 73.

This essay will prove of special interest to

teachers and pupils of elementary algebra, the
vexed question of negative quantities being the
single topic of the first half of the book. Noth-
ing could be clearer than the author's exposi-

tion of the system of symbols which avoids the
difficulties encountered by students or teachers

who are hampered by arithmetical conceptions.
A second essay in the same book relates to

the methods of geometry, and will prove
equally serviceable and interesting to the same
class of readers. The principles discussed are

not so rudimentary in character, but the ex-

planation is of such a nature that students of

elementary mathematics may read it with
profit ; indeed, these essays form a part of the
author's course as an instructor in the Military
Academy of Charleston, S. C.

rT,ESTiNG Machines : their History. Con-
-*~ struction and Ltse. By Arthur V. Ab-
bott. Van Nostrand's Science Series, No. 74.

New York : D. Van Nostrand.
The testing machine is a modern invention.

Economy of material is a matter of recent
study. Only modern engineers have applied
methods of calculation to determine the limits

within which they can successfully build : the

limits involving safety and durability on one
hand, and clumsiness and wastefulness on the
other. The data for such calculation can be
properly furnished only by the testing ma-
chine.

The development, construction and use of

such machines is graphically set forth in this

little essay. Evidence of careful study of the
subject is manifest throughout the book.
The illustrations are numerous and excellent.
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REPOET OF THE CHIEF OF OeDNANOE TO THE
Seceetaey of War foe the yeae 1883.

"Washington : Government Printing Office.

Like ordinary official reports, this one pre-
sents its chief value in its appendices. Up to
'

' Appendix 9 " there is nothing that is intended
to be read probably by anybody. From Ap-
pendix 10 to Appendix 42, inclusive, there is

much relating to systematic trials of materials
and of guns that will be regarded with interest

wherever the art of war is a subject of study.
There are many illustrations of different kinds

and all degrees of excellence scattered through-
out the volume.

INTRODUCTION TO THE STUDY OF MODERN FOR"
est Economy. By John Croumbie Brown,

LL.D. London : Simpkin, Marshall & Co.
Few writers have done as much to advance

the plans of preserving forests as the author
of this treatise. He was one of the first to
collect statistics exhibiting the full measure of
the evil resulting from destruction of forests.

The general principles of preserving and re-

storing forests are compactly stated in this last

essay. The newly-awakened interest in this

subject in the United States should ensure a
wide reading of it.

.

A Manual of Chemistey—Physical and
Inorganic. By Heney Watts, B. A.,

F. R. S. Philadelphia : P. Blakiston & Co.
This book is designed to take the place of the

well-known "Manual of Chemistry" of the
late Professor Fownes. Like that widely-
known text book it presents a complete outline
of chemical physics and inorganic chemistry.
A short sketch of the more important ele-

mentary bodies commences the volume. The
Laws of Combination, the Rules of Nomencla-
ture then follow, and then in order come
Heat, Light, Magnetism and Electricity, which
closes the first part.

Part second, which is about two-thirds of the
bulk of the volume, contains Inorganic Chem-
istry on the familiar plan of ordinary English
text-books.

The careful and even elaboration of the suc-
cessive topics which gave the old book its value
seems to have been carefully preserved in the
present edition. In some places the new editor
has failed to preserve the precision of the old
book. This is especially noticeable in some of
the definitions of scientific terms.

A Short Text Book of Inorganic Chem-
istry. By Dr. Hermann Kolbe. Trans-

lated and edited by T. S. Humpidge, Ph. D.
New York : John Wiley & Sons.

" The problem of the lecturer on chemistry,"
says Dr. Kolbe in his preface, "is to give his
hearers an idea of chemical processes, and the
most important chemical theories, without bur-
dening their memories with a large number of
mere facts, and thus to prepare them to acquire
an accurate knowledge of chemistry by their
own practical work."
With this principle constantly in view this

text book has been carefully prepared. Chemi-
cal reactions and processes are given only to
illustrate the principle or law of combination.
The science as elucidated is in accord with

the latest discoveries,

in number but °;ood.

The illustrations are few

Electricity its Theory, Sources and Ap-
plications. By John T. Speague, M. S.

T. E. London and New York : E. &. F. N.
Spon.
Judging from the numerous inquiries which

have been made, many of our readers will be
glad to hear that the long-promised second
edition of this work is now issued. The new
edition is greatly enlarged, the 384 pages Of
the first having now grown to 650, forming a
substantial volume of well and closely-printed

matter, inclosed in a handsome binding. We
see that all that was in the first edition is re-

produced, though with some rearrangement
and revision ; therefore, the work retains the
special character which distinguishes it from
all other electrical books, and which rendered
it so welcome and useful to that great class of
students of electricity who are not familiar

with mathematical formula, and either dislike,

or can not master the abstract theories of the

text books. This is indicated by a statement
in the preface :

'
' There are two electricities

known to the scientific worid : the electricity

which exists in nature, and the electricity

which, created by mathematicians, exists chief-

ly upon the blackboards of the professor's class-

room. It is the first of these electricities-

which this work endeavors to elucidate." But
this second edition carries the reader further in

the direction of mathematical electricity than
the first one did, as the section in Measurement
fully explains the centigrade system, and we
note that the term "potential" is not repudi-

ated as in the first edition, though not allowed

to displace the simpler " electromotive force."

Its meaning also is fully discussed, and its re-

lation to energy explained.

The chapter on static electricity is consider-

ably extended, particularly in connection with
inductive capacity, and the latest improve-

ments in the Voss and Wimsburst machine are

described. The chapter on batteries has not

been much altered, as every useful form was
already fully explained : but a full description

of secondary batteries is added to it, derived

from the series of articles which appeared in

our pages, and in which all the most trust-

worthy information on the subject was fur-

nished.
The chapter on measurement is largely re-

written, and we see that Mr. Sprague has in-

cluded in it the results of his own investiga-

tions in galvanometry and the mode of gradua-

tion he has devised for his patent galvanom-
eters, which will no doubt be of interest to

many. The sections on electrolysis and metal-

lurgy have undergone little change—indeed,
they were already so complete that there was
little need for change.
The original chapter on Lightning has been

extended into a more general one on Terrestrial

Electricity, in which we see a statement which
will probably be challenged, viz., that "there

is good reason to believe that nothing resemb-

ling electrical action occurs across space," and
that neither the earth nor any of the other orbs

have a static electric charge ; this doctrine
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would be inconvenient for the many theoristswho
can now utilize electricity as an explanation for

anything they do not understand ; but it is de-

fended by the argument that if such charges
existed "gravitation could not be a constant

force." A very full description is given of the

principles of dynamo-machines, including the

principle of compounding and the use of the
" characteristic curves," their efficiency as also

that of electro-magnetic motors, and the cost of

current and work derived from them.
A chapter of 34 pages on electric lighting is

entirely new, and contains a great deal of in-

formation as to the nature of light and its re-

lation to electricity, as well as the practical

processes and apparatus employed, and the cost

of obtaining the light, as to which the sound re-

mark is made that this is one of those matters
in which a little knowledge is a dangerous
thing.

Telephones, radiophony, the induction bal-

ance, and the latest discoveries are fully ex-

plained in one chapter, together with a sketch
of the leading principles of thermo-electricity,

and the dictionary of terms, which gives con-
venient definitions for reference, concludes a
work which may fairly be described in the
words of an American professor, quoted among
other critics :

'

' The principles of the science
and the operations of its laws are given with a

perspicuity and fullness of exposition rarely to

be met with. It is not too much to say that the
laws of the correlation of the forces are here
worked out in a manner exceptionally im-
pressed with originality. . . . The work
is pregnant of valuable thought, and should be
read by all who seek to get a firm grasp upon
the fundamental principles of the science."

An ample index is supplied, and we note that

our suggestion in reviewing the first edition

has been adopted, and that a copious table of

contents has been added to the present edition.

English Mechanic.

Absolute Measurements in Electricity
and Magnetism. ByAndrew Gray, M.A.,

F. R. S. E., Chief Assistant to the Professor of

Natural Philosophy in the University of Glas-
gow. London : Macmillan and Co.
A want is felt in physical laboratories for a

work that may serve a student as a guide through
the various departments of electrical and mag-
netic measurements. Kohlrausch's "Introduc-
tion " contains much useful information, but it

is put together in a manner that is not always
clear and satisfactory. Kempe's '

' Handbook "

is very good for the special purpose for which it

was written, for it meets in a complete manner
all the requirements of electric telegraphy. It

is expected that the forthcoming volume by
Professors Mascart and Joubert will in some
measure supply our deficiency.

Mr. Gray's book is not introductory ; it pre-
supposes a good acquaintance with the laws of

electrical and magnetic quantities, and the
methods of measurement in general use. Nor
is it a complete treatise ; it was written for the
specific purpose of giving, by a few well-
chosen and typical measurements, a clear ac-
count of the absolute system of units now uni-
versally adopted.

As illustrating magnetic measurements! we
have a detailed explanation of the Gaussian
method of determining the horizontal com-
ponent of the earth's force. This naturally
leads to definitions of the magnetic units and
elements.
The theory of the ring tangent galvanometer

follows, nothing, however, being said of the
double-coil arrangement of Helmholtz now
generally adopted in standard instruments. In
developing the theory of the several instru-

ments described, the author does not hesitate

to discard unwieldly elementary methods, and
uses where necessary the more rapid and
powerful formuhe of the integral calculus.

Due prominence is given to the compara-
tively new instruments—the graded galvanom-
eters—of Sir William Thomson. The theory
of each is explained and several ways are de-
scribed by which they may be graduated and
their accuracy easily verified at any subsequent
time.

The comparison of resistances occupies a
chapter of thirty pages, in which are discussed
such important matters as the sensitiveness of

the Wheatstone bridge and Kirchoff s modified
form of it, the elimination of the effects of
self-induction, the calibration of wires, the
measurement of high resistances, the insulation
of the electrometer, and the internal resistance
of batteries.

We notice, in connection with this chapter,
that no reference is made to Professor Forster's

elegant method of calibrating wires, or to the
various condenser methods for determining
what is called the resistance of a battery.

Another chapter of the book treats of the
development of energy in the various parts of
an electric circuit. It contains much useful in-

formation about many points relating to dyna-
mos and electric motors which one would
look for in vain in text-books published a year
back. This information is obtainable from
first sources only, being scattered over the pro-
ceedings of many societies ; and Mr. Gray has
done a serviceable work in giving briefly the
conclusions of the more important investiga-

tions that have been carried on. The efficiency

of machines is defined, its relation to speed,

and resulting potential pointed out, a conve-
nient form of ergometer is described, and a
sketch of the theory of alternating current,
machines is given including the effects of self-

induction.
This latter theory is confessedly a difficult

subject, and one could not expect of Mr. Gray
more than a brief reference to the several
variables which lead up to that veiy complex
integral, viz., the current from a dynamo or an
alternating current machine.
The concluding chapters deal with the

measurement of intense magnetic fields, mag-
netic permeability and susceptibility, and the
various electro-static and electro-magnetic
units.

If we had to point out any part of this excel-
lent little book which appeared to us wanting
in clearness, we should indicate the early para-
graphs of Chapter X. We think a clearer ex-
position is possible of the meaning and meth-
ods of measurement of the efficiencv of dvna-
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mos and motors, and also of the precise

conditions required for rapidity and economy
of working respectively.

Undue importanee seems to be attached to

the copper voltameter. We may mention that

Lord Rayleigh found it unreliable for accurate

measurement, and hence the adoption of the

silver voltameter for delicate work.
Mr. Gray states as the result of many careful

determinations made in the University of Glas-

gow by Mr. Thomas Gray, that a coulomb lib-

erates at the negative electrode, .000331 of a
gramme of copper. This would make the

electro-chemical equivalent e = .00331, whilst

if we take the e of silver as determined quite

recently and with extreme care both by Lord
Rayleigh and by Kohlrausch as .01118, the

electro-chemical equivalent of copper as de-

duced therefrom would be .00344.

To one who has already a good knowledge
of electrical matters generally, and some ex-

perience in a physical laboratory, the work of

Mr. Gray will be of great help. Written by a
man who is practically familiar with his sub-

ject, and who enjoys the advantage of every-

day intercourse with Sir William Thomson, it

is replete not only with theoretical information,

but it is also very suggestive of '

' means and
ways. "

—

Engineering

.

MISCELLANEOUS.

The Eleoteo-Chemioal Equivalent of Sil-

vee.—A very careful and important de-
termination of the electro-chemical equivalent
of silver has been made at the Observatory of

the Physical Institute of Wurzbourg, and the
results are that an ampefe current flowing for a
second, or a coulomb of electricity deposits
1.1183 milligrammes of silver or 0.3281 milli-

grammes of copper, and decomposes 0.09328
milligrammes of water, a result agreeing closely

with that of Lord Rayleigh recently communi-
cated to the Physical Society. An ampere
therefore deposits 4.0259 grams of silver per
hour; Kohlrausch's value is 4.0824, a value
hitherto accepted universally. This value is

so useful in measuring electric cm-rents with
accuracy, and free from the disturbances of
magnetism, &c, that it is eminently satisfactory

to find the German value agree with that of Lord
Rayleigh, which will probably be adopted by
English electricians.

"TTThen a casting is very thin, even if of soft

VV grey pig, it is often as hard, even though
run in sand, as if cast in a chill. Such cast-

ings may be annealed, so that the surface may
be worked, by putting them in boxes and rais-

ing the temperature to redness. In the case of

gray iron the castings are surrounded with
coarse sand, and heated for forty-eight hours

;

but in that of white iron they are surrounded
by a mixture of one part of sal-ammoniac and
twelve parts of hammer scales, and heated for
twenty-four hours. This length of time is suf-
ficient to soften the skin ; but if the operation be
continued for a week the castings will become
malleable.

The following formula has been given for a
convenient ink for marking, by means of

a stamp, textile articles that have to be washed:
Twenty-two parts of carbonate of soda are dis-

solved in 85 parts of glycerine, and triturated

with 20 parts of gum arabic . In a small flask

are dissolved 11 parts of nitrate of silver in 20
parts of officinal water of ammonia. The two
solutions are then mixed and heated to boiling.

After the liquid has acquired a dark color, 10
parts of Venetian turpentine are stired in it.

The quantity of glycerine may be varied to suit

the size of the letters. After stamping expose
to the sun or apply a hot iron.

A New Standard Light.—Her Heffner-Al-
-£-*- teneck has suggested a new standard
light for photometric purposes, which promises,
to be very simple and effective in operation.

The light is produced by an open flame of amyl-
acetate burning from a wick of cotton fiber

which fills a tube of German silver 1 in. long
and 316 mils, internal diameter; the external
diameter being 325 mils. Tbe flame is 1.58 in.

high from top to bottom ; and it should be light-

ed at least ten minutes before using the light for
testing. A cylindrical glass chimney surrounds
it to ward off air currents. About 2 per cent,

of the light is absorbed by the glass. The pow-
er of the flame is that of a standard English
candle ; and experiments have shown that amyl-
acetate, which besides is not expensive, is the
best fuel for steadiness and brilliance. Neither
substitution of commercial amyl-acetate for
pure, nor the use of wick of cotton thread for
loose cotton fiber alters the illuminating power

;

but the wick should be trimmed square across
the mouth of the tube, for if it project and droop
the illuminating power is increased.

A standard thekmopile.—Dr. G. Gore, F.R.
-^-*- S. , has invented an improved thermopile
for measuring small electromotive forces. It

consists of about 300 pairs of horizontal, slen-

der, parallel wires of iron and German silver,

the former being covered with cotton. They
are mounted on a wooden frame. About H in.

of the opposite ends of the wires are bent down-
wards to a vertical position to enable them to

dip into liquids at different temperatures con-
tained in long narrow troughs ; the liquids

being non-conductors, such as melted paraffin

for the hot junctions, and the non-volatile
petroleum, known as thin machinery oil. The
electromotive force obtained varies with the
temperature ; a pile of 295 pairs having a resist-

ance of 95.6 ohms at 16 deg. Cent., gave with a
difference of temperature of 100 deg. Cent., an
electromotive force of .7729 volts, or with 130
deg. Cent, an electromotive force of 1.005 volt.

Each element, therefore, equaled .0000262 volt

for each degree Cent, difference of temperature,
On having been verified with a standard voltaic
cell the apparatus becomes itself a standard,
especially for small electromotive forces. It is

capable of measuring the ^¥|bt Part °f a vo^-
For higher electromotive forces than a volt,

several of these piles would have to be connect-
ed in series. The fractional electromotive force
is obtained by means of a sliding contact which
cuts out so many pairs as" is required.
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II.

METHOD OF COMPARING CURRENTS.

There were thus two simultaneous
measurements of current to be made.
As there was, however, but one reliable

ammeter at the writer's disposal, an ar-

rangement was devised by means of which
the strength of two electric currents—for

example, the current through the lamp
and the current through a resistance coil

in derivation with the lamp—could be
compared with each other by means of

the Wheatstone's bridge.

As this method is the most accurate

one known to the writer for comparing
strong currents of electricity, and as it

requires no special apparatus except an
ordinary Wheatstone's bridge, it will be
described in full, in the hope that other
experimenters may find it useful. The
arrangement will be understood from the
accompanying diagram. Fig. 11.

The current C from the dynamo passes
through the ammeter, and divides at the
point a between the two branches abe
and acle of the circuit, one portion of the
current whose strength is denoted by C

1?

passing through the resistance coil E,
and the other, C

2 ,
passing through the

lamp, which stands in its place at the end
of the photometer bar. be and de are two
coils of heavy copper wire of small resist-

Yol. XXXI.—No. 2—7

ance, but exactly equal to each other ; the

resistance of each being denoted by E
3

.

After traversing these coils, the currents

Cj and C
2
unite at e, and return to the

dynamo, dc and ee are two arms of the

Wheatstone's bridge, whose resistances

are marked E
2
and Er The bridge

proper, containing the galvanometer, is

from b to c. the circuit through it and the

resistance coils E
2
and ~R

1
being closed

in the ordinary manner by a double key,

at c. When the key is closed, a small

portion of the current C„ is shunted
around de through the coils E„ and B

a
of

the bridge. This current is denoted by
C

3
. Then the current passing through

the portion de of the circuit is C„—

C

s , as

indicated in the diagram.

In using the apparatus, the arm E, is

made a certain fixed resistance, say 1,000

ohms. The resistance E„ is then adjust-

ed, until, on pressing down the key, no
current passes through the galvanometer.

The points b and e are then at the same
potential. It follows that the difference

of potential from b to e is the same as the
difference of potential from c to e. But
the difference of potential, or the electro-

motive force, between two points of a
circuit is the product of the current and
the resistance between those points.
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FROM DYNAMO.

Fig. II

Therefore C
1
K

3
=C

3
K

1
, or C

3
=

R,

Our purpose, it should be remembered,
is to ascertain for each lamp the variation

in candle-power and current strength as

the electromotive force is increased ; for

which object it is necessary to vary the

candle-power by a series of steps, and
take simultaneous observations of the
current and electromotive force at eveiy
point. Knowing, in each case, the value

of the total current, C, if we can find the
ratio between the currents C, and C„ trav-

ersing the two main branches of the
circuit, we shall have, not only the cur-

rent flowing through the lamp, C
2
, but

—

by multiplying the resistance of the
branch abe by C,—we may obtain the
electromotive force.

Our object is now to find the ratio

between the currents C
1
and C„. It

is evident that the electromotive force

from d to e is equal to the sum of the

electromotive forces on dc and ce ; or

using instead the products of the currents

and resistances on these branches, we
have

(C
?
-C

s) R=CS
(RS +.R1)

Substituting for C
3
its value '

3 pre-

viously found, we have

Clearing of fractions,

Transposing and combining,

0^=0, (Bi+Rj+R.)
or

C R
1
+ R. + R,

cr r,

When the resistance R
3
of each of the

equal coils of large copper wire is so

small in comparison with the other resist-

ances that it may be neglected, we may
write

C
2
_R1+R2

C, R,

Expressing this equation in words, we
say that the current passing through the

lamp is to the current passing through
the resistance coil R, as the sum of the

resistances of the fixed and variable arms
of the bridge is to the resistance of the

fixed arm.

Having thus found the ratio between
the currents in the two branches of the
circuit, and knowing also by observation
of the ammeter, the value of the total

current C, which is the sum of the two
portions C

1
and C„, it is an easy matter

to find the absolute value of the current

in each branch of the circuit. The elec-

tromotive force on the branch abe is then
computed by multiplying the resistance

of that branch by the current passing
through it, and this gives us the electro-

motive force between the terminals of

the lamp, after deducting the trifling-

amount necessary to overcome the resist-

ance of the wire in the branch ade. The
horse power expended in the lamp is

then found by multiplying together the
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values of the electromotive force and the

current, and dividing the product by 746.

The resistance K
3
of each of the equal

coils be and de was in this case only
0.424 ohm, and the fixed arm of the
bridge was generally made 1000 ohms.
The value of R

3
was not neglected in the

calculations, but as the error that would
have been caused by its neglect would be
in the fifth decimal place, its use was an
unnecessary refinement.

through the coils of the bridge, we may,
by adjusting the resistance of the fixed

arm, reduce the current to a strength
just sufficient to obtain deflections of the
galvanometer ; third, w^ile the current
passes constantly through the lamp, the
circuit through the bridge is closed only
when the key is depressed. It was found
that, with ordinary care, the ratio of two
currents could be thus ascertained accu-
rately to four decimal places.
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The above method of ascertaining the
electromotive force and current of an in-

candescent lamp possesses several prac-
tical advantages over any method in
which the lamp itself forms one arm of
a "Wheatstone's bridge. First, no special
apparatus is required ; second, instead of
passing the entire current constantly

PRECAUTIONS OBSERVED.

The accuracy of this method of com-
paring currents evidently depends upon
the exact equality of the resistances of
the two coils be and de. They consisted
of number six copper wire, covered with
paraffined cotton braid. Such wire will

carry fifty amperes without warming per-
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ceptibly, and as the currents used in

these experiments rarely exceeded two
amperes, there was no danger from un-
equal heating of the two coils. Before
beginning the tests, these coils were ad-

justed to equality by means of the
Wheatstone's bridge, the final adjust-

ment being made by a sliding contact
resting on the wire, with the galvanom-
eter so sensitive that a variation of y^-g- of

one per cent, was perceptible. Their
equality was again tested at the close of

ly through it. The current traversing
it never exceeded one ampere, and was
generally much less, so that it did not
warm perceptibly. This coil was also ar-

ranged so that it could be instantly taken
out of the circuit and connected with the
bridge, and its resistance measured at in-

tervals during the progress of a test. It
was found that the error due to the beat-
ing of this coil never exceeded -^ of one
per cent.

This part of the work was carried on at
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the work. To insure that the two coils

should always be at the same tempera-
ture, they were wound on a frame into a
single loose coil.

It was also important that the resist-

ance of the coil R should not be altered
by the passage of the current. This coil

consisted of about 200 ohms of number
eighteen German silver wire. It was
wound with silk, and hung loosely over a
frame, so that the air could circulate free-

times by two observers, one of whom ob-
served the ammeter and the bridge, while
the other took simultaneous observations
with the photometer. At other times
the writer alone took all the observations,,

reading first the ammeter and the bridge,

then the photometer, and then, to insure

that no change had occurred, again read-
ing the ammeter and bridge.

THE PHOTOMETRIC TESTS.

In these, and all the observations with
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the photometer, five or more readings
were taken at every point, and their
mean used as the true reading. After
considerable practice, these photometric
readings could be made quite exactly.

In these measurements, a Carcel lamp,
burning colza oil, was used as a standard
of light, the employment of a candle for
this kind of work being impracticable
for various reasons. In order to obtain
as steady a light as possible from the Car-

a slow variation, due to the gradual
crusting over of the wick, and to differ-

ences in the temperature of the room at
different times. The error from these
causes was eliminated, as far as concerned
the variation in the candle power of each
individual lamp, by taking always a series

of observations in which the candle
power was gradually increased, and im-
mediately following it by another series

in reverse order in which the candle
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eel, the top and bottom of the flame were
diaphragmed off, and only the middle, or
least variable portion, was used as a
standard. The width of the aperture
was adjusted so that the lamp gave an
average of about ten candle power.
Though the light of the Carcel lamp

was not subject to sudden fluctuations,
like that of a candle, and would remain
practically constant during a single series
of observations, there was nevertheless

power was decreased to the starting

point.

The results of these observations, then,

while showing accurately the relative

changes in the candle power of each lamp
for given variations in electromotive force

and current, could not be implicitly relied

upon for comparisons between different

lamps.

Accordingly, while the electrical quan-
tities were here obtained in absolute
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measure, it was not attempted in this

part of the work, to measure candle
power with absolute accuracy, but merely
to obtain the data from which a curve
could be constructed for each lamp show-
ing on some arbitrary scale the variation
in candle power with different electromo-
tive forces.

The remaining problem was to reduce
all these curves to the same absolute
scale. One of the lamps was next run

obtained from Tufts Brothers, Boston,
and burned very nearly 120 grains per
hour.

The average of the above observations
gives us the absolute candle power and
electromotive force for a single point on
the curve of this individual lamp. To
get the entire curve into absolute meas-
ure it is simply necessary to change the
scale of the diagram to conform to this

measurement. Having done this, we have
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for some eight hours at about its rated
candle power, and very carefully com-
pared with a standard candle, measure-
ments being constantly taken of the
candle power, current, and electromotive
force. The candle was hung on the arm
of a balance made for the purpose, and
the time required for the consumption of
each twenty grains was noted, and the
proper corrections made. Several stand-
ard candles were used, all of which were

two correct curves for a single lamp, in

which abscissas represent volts, and ordi-

nates represent, in the one curve, amperes
of current, and in the other, candle
powers.

DIRECT COMPARISON OF EFFICIENCIES.

The remaining curves were next re-

duced to the same absolute scale by a
system of direct comparisons of the lamps
at opposite ends of the photometer.
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The method consisted in placing at

one end of the photometer bar, a lamp
whose curves of candle power and cur-

rent had been already obtained in abso-

lute measure, and at the other end the
lamp whose curve was to be reduced to

that standard. The lamps were then run
at their rated candle power, and their

relative brilliancy ascertained by the

photometer.

through each branch measured by the
bridge method.
By thus obtaining accurately the ratio

of the currents flowing through two
different forms of incandescent lamps,
while they are running at a given relative

brilliancy, and knowing, from our previ-

ous experiments the ratio of the resist-

ances of the two lamps with these given
currents, the relative efficiencies of the
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If the two lamps were of the same
kind, or required about the same current
strength to bring them to their normal
brightness, they were connected in series,

and the strength of the current through
both ascertained by the ammeter. In
other cases they were placed in multiple
arc, adjusted to the proper relative can-
dle power by a variable resistance in one
branch of the circuit, and the current

lamps are ascertained independently of

the absolute measurements.
Having obtained in this way the rela-

tive candle power of two lamps at two
given points on their respective curves,

it is simply a matter of altering the scale

of one diagram to bring both to the same
absolute standard.

The great advantage of this compara-
tive method lies in the fact that as but
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one absolute determination of candle
power is made, this one can occupy a

good deal of time, and be made with
great care ; and further, that as the rela-

tive efficiencies of the different lamps are
ascertained by comparing the light of

one lamp directly •with that of another,

while at the same time the relative values
of the currents and electromotive forces

are obtained by direct comparison, any

used to enable one to form a fair idea of
their reliability, we now pass on to con-
sider

THE RESULTS.

The first result of the experiments just

described was a series of curves, showing,
for each individual lamp tested, the value
of the current strength in amperes, and
the candle power, for a range of electro-
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errors that may be made in the absolute
measurements will affect all the lamps
alike, and cannot alter the relative effi-

ciencies.

It is of course impossible in a brief

memoir to describe all the details and
precautions against error employed in

work which extended over a period of

about two months. Therefore, having
given a sufficient account of the methods

motive forces, from the point where the
carbon is barely incandescent, to a point
where the lamp is giving four or five

times its normal candle power. These
results were carefully averaged for each
class of lamps. The method of averaging
was to take lamps of the same kind,—not
at the same candle power, but at the
same electromotive force, as they are in-

tended to be run in practice,—and find,
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from the curves for the separate lamps,

the values of the candle powers and am-

peres at intervals of five volts. Then the

average of these values was taken at each

point ; the average resistances being

computed by dividing the number of

volts by the average number of the am-

peres. This gives to all the quantities

the same mean values which they would
have in an actual case, where the lamps

are run in multiple arc.

im lamps, and No. 7 shows the same
thing for the Edison lamps. In these

diagrams electromotive force in volts is

laid off on the horizontal scale at the top,

and the curve for each lamp is so con-

structed that the height of any point on
it represents on the vertical scale at the

right, the resistance of the lamp in ohms,

under the corresponding electromotive

force. It is also desirable to show the

current which will flow through the lamp
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The average results have been repre-

sented graphically, and are shown by the

diagrams hereto annexed. The curves of

equal illumination have already been re-

ferred to. The next curves plotted were
intended to show, for each class of lamps,

the relation between the electromotive

force, current, and resistance. Diagram
No. 2 shows these curves for the Max-

under a given electromotive force, and
also the resistance of the carbon when a

given current is passing through it. TVe

have, then, to express the relations of

three pairs of quantities. This might be

done by three separate diagrams : but as

the current is always equal to the elec-

tromotive force divided by the resistance.

it may be represented, for any point on
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the curve, by the tangent of the angle

included between the vertical axis of co-

ordinates, and a line from the origin to

the given point. Therefore, by drawing
radial lines through the origin, (which is

in this case outside the limits of the dia-

gram,) we are enabled to lay off amperes
of current on a scale of equal parts at the

bottom, thus making the same curve ex-

press the relation between three vari-

ables.

tal line from that point to the scale at the

right ; or to find the electromotive force,

follow a vertical line through the same
point to the scale at the top. In short,

given any one of the three quantities,

—

electromotive force, current, or resistance,

—the other two may be found at once
from a single curve. This device for

expressing graphically the triple relation

between the principal electrical quantities

the writer believes to be new, and it is
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To find the current for any point on
either of the curves, it is necessary only

to follow a radial line from the given

point down to the scale at the base of the

diagram ; or, starting with a certain cur-

rent, follow the radial lines up to the

corresponding point on the proper curve

;

then to find the resistance of the lamp
with the given current, follow a horizon-

presented as one that will be frequently

found convenient.

In diagrams No. 3 and No. 8 electro-

motive force is again represented on the

horizontal scales at the top and bottom,

and the height of any point on either

curve shows on the vertical scales at each
side the number of candle powers of light
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which the lamp will give with the indi-

cated electromotive force.

The resistance of a lamp is found to

fall quite rapidly as the electromotive

force is increased, until the carbon be-

comes in candescent, when the change
goes on more slowly, the resistance of a

lamp when giving its light being rather

more than half its resistance when cold.

As will be seen from diagrams No. 3 and
No. 8, the candle power increases slowly

at first, but afterwards with increasing

rapidity, until, if the electromotive force

is carried above a certain point, the car-

bon filament is broken.

In diagrams No. 4 and No. 9, the hori-

zontal distance of any point on either

curve to the right of the origin represents

the power consumed in the lamp, ex-

pressed in horse power on the scale at

the bottom, and in volt-amperes on the

scale at the top. Candle power is again
laid off on a vertical scale. These curves

show clearly what has before been stated,

i.e. that a certain amount of power must
be expended in a lamp before we begin
to get any light ; and that the brilliancy

of the light expressed in candle powers
then rises more and more rapidly as the

energy expended is increased.

In diagrams No. 5 and No. 10 the ver-

tical height of any point of either curve
corresponds as before to the candle

power of the lamp, and the distance of

the same point to the right of the origin

measures, on the horizontal scales at the

top and bottom, the number of candle
lights per horse power which lamps of

this class will furnish when running at

the indicated candle power. These curves

show us how rapidly the efficiency of the
lamps increases as the candle power is

raised.

In diagrams No. 3 and No. 5 the verti-

cal scale at one side indicates the appar-
ent candle power as measured opposite
the face of the carbon, and that at the

other side the average or true candle
power. It will be observed that the
Maxim 16 candle lamp, at its normal
candle power (indicated on the diagram
by the heavy horizontal line), gives a
light equal to 22 candles opposite the face

of the carbon, and that the average il-

lumination is about 73 per cent, of the
face measurement.
The curves in all the diagrams are

drawn exactly through the plotted points;

the slight irregularities apparent in the
curves for the separate lamps being al-

most wholly eliminated in the average.

In Fig. 12 the curves representing the
change in efficiency of the various lamps
at different candle powers are shown
upon a single diagram for the purpose
of comparison. Here candle power is

laid off on a horizontal scale, and, for

each class of lamps, the height of any
point of the curve indicates on the verti-

cal scale the number of candle lights per
horse power which the lamps will give

when running at the corresponding
candle power. It is noticeable that all

the curves have the same characteristics,

viz., that the efficiency at first rises very
rapidly with increase of candle power,
and that afterwards, while the change
goes on more and more slowly, the rate

of increase in efficiency becomes at the
same time more nearly uniform, or, in

other words, the curve approaches to a
straight line. This would indicate, that

however high the temperature of a car-

bon filament may be raised, raising it

higher will still increase its efficiency as

a light giver.

It must not be inferred, because the

curve of any lamp is above the rest, that

this lamp is absolutely more efficient than
the others ; for, as already pointed out,

when a lamp designed to give 10 candle

power is run at, for example, 16 candle

power, its efficiency becomes higher than
its normal value ; whereas, if a 21 candle

lamp is run at 16 candle power, its effi-

ciency falls below its normal value. Con-
sequently, when lamps rated at different

candle powers are compared at the same
candle power, the lamp with the lower
rating has an advantage. The only way
to arrive at a fair comparison is to take

the efficiency of each lamp at a point on
its curve which corresponds to the rated

candle power. Comparing the lamps in

this way, we find that the Maxim 16 candle

lamp stands highest, and the Edison 10
candle lamp next.

It should be noticed that the Edison
16 candle lamps furnished for this test

wei'e not of the same grade as those in

general use for isolated lighting. The
latter may be run in parallel circuit with
the 10 candle lamps, each giving its own
proper candle power : whereas the Edi-

son 16 candle lamps on which these tests

were made would give onlv about 6
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Plate III.
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candle power on the same circuit with
the 10 candle lamps, when the latter

were at their normal brightness. By re-

fering to diagram No. 8, it will be ap-
parent that at the same electromotive

foi\?e the 16 candle lamps gave only
about two thirds as much light as the 10
candle lamps. This peculiarity was due
to the high resistance of the 16 candle
lamps, which, as will be seen from the
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table of resistances previously given,

averaged about 291 ohms when cold.

Measurements afterwards made by the

writer upon ten 16 candle lamps, collect-

ed from various plants of the Edison
Company throughout New England,

showed the following results :

Resistance Cold.

Lamp No. 1 162 Ohms.

9.

10.

.176

.163

.186

.177

.175

.189

.186

.212

.197

Average resistance 182.3 Ohms.

These lamps averaged 16 candle power
at 95 volts, the same electromotive force

required to bring the 10 candle lamps to

their normal brightness, and were there-

fore evidently the grade of lamps intend-

ed to run on the same circuit with the

latter. They were not obtained in time

to make a complete test at all candle

powers, but measurements were made at

the rated candle power, which gave the

following average results.

Edison Lamps at 16 Candle Power.

Electromotive force 95. volts.

Current strength 0.92 ampere.
Resistance 103 . 3 ohms.
Volt-amperes 87.4
Candle lights per horse power. .136.6
Lamps per horse power 8 54

The following are the figures for the

Maxim 16 candle lamps.

Maxim Lamps at 16 Candle Power.

Electromotive force 68.9 volts

Current strength 0.9 ampere.
Resistance 76 . 5 ohms.
Volt-amperes 62 .

2

Candle lights per horse power. . .192.

Lamps per horse power 12.

The results of these experiments indi-

cate that the essential factor in the effi-

ciency of an incandescent lamp is not
high resistance, but high incandes-

cence. The Maxim lamps, which
displayed the highest efficiency, gave a
slightly whiter light than the others,

showing that the carbons were heated to

a higher temperature; though their re-

sistance was lower than that of the Edi-
son lamps. The fact that a low resistance

filament is usually coarser than one of

high resistance would tend to make it

endure equally well at a higher tempera-
ture.

TESTS OF RUTLAND AND WASHINGTON COUNTY SLATES.
By J. FRANCIS WILLIAMS, C. E., B. S.

Contributed to Van Nosteand's Engineering Magazine.

The tests given in the following tables

were made June 7th and 9th, 1884, in the
mechanical laboratory of the Eensselair
Polytechnic Institute, Troy, N. Y., on a

50,000 pound testing machine made by
Tinius Olsen.

The purple and green specimens were
from Fair Haven, Vt., and the red from
Granville, N. Y. They were cut and
smoothed by the Fair Haven Marble and
Marbleized Slate Co., of Fair Haven, Vt.

Before making each test, the piece

under consideration Avas carefully meas-
ured on a micrometer measuring appara-
tus, and the size in each direction record-
ed. The results were recorded as press-

ures per sq. inch. The pieces experimented
upon did not differ more than 2 or 3

hundredths of an inch in a normal sec-

tion.

The experiments marked "compres-
sion " were made upon blocks about one
square inch in section and L| inches in

height. In the cases marked, "wood"
blocks of wood l^xl^-Xl^ inches were
used as cushions, one above and one be-

low the specimen, they were of soft wood
and were so placed that the grain did

not run in the same direction in the two
pieces, and thus there was no tendency
of the blocks to become crooked in the

machine.
"With those marked "paste-board,"

book-binder s board was used in pieces of

l^-"Xl^"XiV"- '-This is closer in texture

and e
-ave results about one-fifth larger
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Tests.

Substances used as Purple. Red. Green.

Cushions and Methods
Weight Remarks. W eight

^ sq. in.
Remarks.

Weight
Remarks.

of the Tests. $ sq. in. $ sq. in.

Compressive wood 17330 1 seam 14390 crack 11220 13760
" " 22140 13535 1 seam 12520 2 seams
EC it 20540 crack 16010 14580
a (i 18700 2 seams

" 18170 5
crack 17370

( 1 seam

" paste-board. 24760 14590
|
crack'd at 12440

1 seam
t 17420 2 seams

18160
21310

17930
16840

1 seam
1 "

<( 1

1

18380 18060
(crushed at

(op. angles
" no cushion ) 12640 10190 8040

h 2 seams" elastic limit) 9860 4850 5150
'

' no cushion .

\_
13430

" elastic limit) 10480
" no cushion.

>

" elastic limit)

15530 small seam
10440

" on side-wood. 15195
|

Sectionl"XH"
2 seams J-

24030 Section!"XU" 17760
(crack 16700

( 1 seam

Tests—Continued.

Purple. Red. Green.

of Beam. • r-l TZ C3
o fl o

Number
and

Remarks.
'3 c o

Number
and

Remarks.

Jp
3 -d

'3 a o
£6%

Number
and

Remarks.

Bending 6 in. span 1150
1025
1425
2400

(1.)

(2.) split along

(3.)

(40

775
1100
450
1875
2250
1000

17730

(1.) 1 seam
(2.)

(3.) bad seam
(2.) no seam
(2.)

(1.) 1 seam

950
775

1025
1825
2400

16020

(1.)

(2.) small seam
(3.)

(2.)

(3.)

it i<

" 3 in. span

a a

Compression 10 in. column. 20000

Results of the Above Tests.

Compression, wood 119376
'

'

paste-board. . .

J

24760
" no cushions. . 13860

elastic limit. .'10260

Bending 6in. span 1200
Sin. "

|
2400

Compression, long columns. 20000

on side 15195

No. of specs. 5.

1.

3.

3.

3.

1.

14170
18110
10190
4850
770

1710
17730

24030

No. of specs. 3.

4.

1.

1.

3.

3.

1.

13140
17560
8040
5150
910
2110

16020

1. 17760

No. of specs. 3.

4.

1.

1.

3.

2.

1.

1.

than the wood, and I should recommend
that all experiments with stone be made
with such cushions.

In the preceding cases the blocks have

all been placed so that the cleavage

planes of the slate are horizontal—per-

pendicular to direction of stress—but in

the case marked " on side " they were
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placed in a vertical position and the

specimen then had an area of section of

1£ square inches. This was not reduced
to inch square.

Those tests marked " no cushion " were
made on specimens which had particularly

smooth and parallel upper and lower sur-

faces, and the elastic limit was carefully

observed. The U. R. in this case of

course was low, owing to the unequal
distribution of pressure over the sur-

faces.

The beams tested were an inch in sec-

tion and 10 inches long. The supports
were placed 6 inches apart and were cov-

ered with paste-board so as not to cut

the extreme fibers of the beam. The
point in the center, by which the pressure

was applied was also covered with paste-

board.

After the beam was broken with a six

inch span the two portions were in some
cases broken again as beams of a three

inch span. This is indicated by the
numbers placed in brackets after the
breaking weight. The first three being
numbered consecutively, and those which
are used a second time being designated
by the same numbers that they had when
first broken. These, of course, were
broken with their cleavage planes hori-

zontal.

The last specimen was broken as a long
column with the cleavage planes vertical.

It stood more than the small blocks,

crushed and broke with considerable vio-

lence.

A NOTE ON THE LONG COLUMN QUESTION.
By WM. H. BURR.

Contributed to Van Nostrand's Engineering Magazine.

It is not a matter of surprise that Prof.
Robinson should take exception to my
criticism of his long column formula, or
that Mr. Weston should desire to give to
the immense amount of labor, involved in

the computation of his tables, a character
other than that of wreckage. After the
lapse of so much time, one would suppose
that some new point of demonstration
would have been developed, or, at least,

that something tangible would have been
said. It is also a little remarkable that
Prof. Robinson makes no attempt to
strengthen the points in his analysis
which I attacked. Hence, it may be sup-
posed that he considers them hopelessly
overthrown—one point, at least, on which
we agree. I had also hoped that he would
render a lucid explanation of the fact that
his " rational " formula gives a curve con-
vex upward within the limits, for which
experiments give a curve concave upward.
(See Magazine for Nov. 1883.) But as
he omits the explanation and stoutly
maintains that his formula is certainly,
truly, and incontestably "rational," we are
left to infer that the results of the tests
are unquestionably irrational, and that
the upward concavity of the curve is sim-
ply and only an evidence of the original

and " total depravity of inanimate things"

which has from time to time been hither-

to observed under proper circumstances.

But in order to come to a more detailed

consideration of Prof. Robinson's last arti-

cle, his analytical positions will first be
examined while subsequent attention will

be applied to experimental matters.

In the first place he proposes to give a

new demonstration of his formula without

the slightest reference to Euler's, by con-

sidering the neutral curve of the column
a sinusoid ! !

!

As a result, in the April (1881) number
of this Magazine, page 181, he finds the

following value of the radius of curvation

:

p,=4 • - »
Eq. {d\ it is to be particularly observed,

is supposed to be very different from
Euler's formula.

Now, in a little book published in 1882,
" Strength of Wrought Iron Bridge Mem-
bers, by S. W. Robinson, C. E.," - an

authority which my opponent will doubt-

less accept as sound," on page 81 is found
Euler's formula

:

T 7T-

. . . (1);
EI,

It

T
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and on page 93, the usual equation of the

common theory of flexure;

EI T
(2)

The subscript 1 has been introduced in

eqs. (1) and (2), in order to make the

notation uniform with eq. (d).

If the value of p i
be taken from eq. (2)

and inserted in eq. (d), then will result

:

T
EL

7l~

which is Euler's formula, and identical

with eq. (d). In reality, therefore, Prof.

Robinson has given in his sinusoidal

method simply " a new toot on an old

horn.'' Can it be possible that he was
ignorant of the fact, that the use of the

sinusoid simply meant the use of the com-
mon theory of flexure in another form,
only, than Euler's formula ?

Since his " new demonstration " is thus
seen to involve Euler's expression for the

resistance of a long column, another '" new
demonstration " from the same source is

now in order, and it will be awaited with
interest.

After having vainly endeavored to shut
Euler's formula out of view, by heaping
over it considerable unnecessary sinusoid-

al analysis, Prof. Robinson then subjects

the " classical " formula

M= RI_RAF
d,

~'
d. '

(3)

to some most unhandsome treatment. "We
are told, on page 285, thatR is the modu-
lus of rupture for bending and that, hence,

a beam will sustain the least load in that

plane in which d^ is greatest. Now I am
aware that Prof. Robinson is not alone
in that impression, though it is most
erroneous. As a matter of fact, eq (3) is

an equation deduced in the mathematical
theory of elasticity in solid bodies, and
has no "rational" connection whatever
with the failure of beams or material. It

is based upon the hypothesis of perfect

elasticity, and is merely another form of

EI— , Ji-^-d
x
representing E-^p or the inten-

sity of stress at unit's distance from the
neutral surface.

When R is given the signification of
the " modulus of resistance " and deter-

mined by experiments on the failure of

beams, it ceases to have any rational or

analytical meaning, though it is thereby
made of inestimable value to engineering
practice. Prof. Robinson handles this part

of the matter with that freshness and
naivete which is so characteristic of un-
concious lack of knowledge, and it is use-

less to carry this part of the discussion

any farther until he informs himself more
thoroughly on some of the more funda-
mental portions of the theory of flexure.

I would refer him to C'ebsch's " Die
Theorie der Elasticitat Festr Korper,"
where he will find an admirable treat-

ment of the subject.

Prof. Robinson's reference to the Water-
town tests of Phcenix columns scarcely

agrees with the facts as given in the copy
of the Trans, of the Am. Soc. C. E. now
before me. As nearly as can be learned
from that publication, Nos. 1, 4, 5, 7, 8,

12, 13, 16 failed in the plane of two
flanges, while Nos. 2, 6, 9, 10, 11, 14, 15,

17 gave way In the direction of the bar-

rel between the flanges—an equal num-
ber in each direction—-while the remain-
ing 6 cases are doubtful. These results

therefore show that a Phcenix column is

equally liable to fail in any direction—

a

conclusion which has been verified by
other experiments at Phcenixville as well

as by a proper consideration of the theory.

Prof. Robinson's error lies in considering

R as separate from 1-^rf, ; he should con-

sider R-Hf?, as a single quantity.

The old paradox of the triangular beam
may be properly used by a youthful in-

structor to impress his first class with
the mysteries of the resistance of materi-

als, but it is good for nothing else. Such
a beam is just as strong as, but no
stronger than, the trapezoidal one. Its

fibers begin to rupture at an earlier stage

of loading, but the ultimate load held, is

exactly the same in both cases.

We now come to the experimental por-

tion of the April paper, and we find in

looking over Prof. Robinson's application

of his " rational '' formula that he causes
T to vary from 40,000 to 45,000, and E
from about 23,000,000 to 31,000,000, in

order to get a satisfactory agreement be-

tween his results and those of experiment.

Now this is precisely what is done in all

empirical formulas, and its necessity

might be a matter of surprise in the

present instance if I had not shown in



A NOTE ON THE LONG COLUMN QUESTION 10/

my first paper that his formula is simply

and only a mongrel form of Gordon's

;

hence he is obliged to doctor it in pass-

ing from one form of section to another,

in order to get a satisfactory approach to

agreement with the results of tests.

But there are some features of his com-
parison of Gordon's formula with his own
which ought not to be overlooked.

In the first place, while he gives to the
empirical factors in his own formula such
values as are needed to reach the closest

agreement to experiment, he takes an
antiquated form of Gordon's formula
with empirical quantities which belong to

a solid rectangular section in iron pro-

duced forty years ago, or more, and ap-

plies it, without change, to all forms of

sections. Such a suspicious procedure
can only result from either ignorance or
design, and I refrain from comment.
But even with such aid the mean dis-

crepancies of his own formula are less

than those of Gordon's by only 400 or
500 pounds at most,—an insignificant

ameunt for such a matter. In fact a
truthful presentation of the table at top
of page 288 of the April No. would prob-
ably turn the balance in favor of Gordon's
formula. In that table there is a column
headed ''New Formula," with the evident
design of conveying the impression that
the results of that column come from his

own formula, though an incidental ex-

planation is given in the text. The up-
per five values of the column in question
(nearly one-third of the whole) are the
results of computation by Euler's formu-
la, and not by Robinson's. To properly
name such an action under the present
circumstances would carry me beyond the
limits of propriety of such a discussion,
and I simply give the upper part of the
table as it ought to have appeared.

1 k
Experi- New Rankine's or
ment. Formula. Gordon's Form.

643 2410 5130 2885
540 3380 6140 3956
414 4280 8050 6250
400 5630 8350 6604
311 9600 10800 9921
300 9750 11200 10290

His reason, he says, for giving t the
remarkably high value of 45.000 is that

Vol. XXXI.—No. 2—8

the iron was "solid," "flat'' and "Eng-
lish "

! ! Such a grade of metal must
truly possess unusual characteristics.

Reviewing the whole field, then, it ap-

pears that by dint of fitting different

empirical factors to Prof. Robinson's
" rational " formula, for different forms
of section, results may be obtained which,

on the whole, are little or no better than
those arising from an unfair and improper
application of an antiquated form of Gor-
don's formula.

In regard to Mr. Weston's paper, little

need now be said. His analytical attempt
to fix the safe limit of deflection is simply
a futile effort to distort an equality into

an inequality, and is precisely the same
feature which I attacked in Prof. Robin-
son's original paper ; and as he has since

made no attempt to repair the damage, it

is scarcely worth while to repeat the
criticism.

Mr. Weston's appeal to the theory of

flexure comes within the scope of my ob-

servations on Prof. Robinson's attempts
in the same direction ; and his sublime
faith in the innate superiority of the new
formula to the results of experiment,
makes it rather useless to attempt to

bring him down to a consideration of a
set of experimental results. Since, in

fact, he thinks (pp. 401 and 402 of May
No.) that " the new formula cannot, with
justice, be compared with experimental
results obtained in the usual method of

breaking columns," and that " it is a ques-

tion whether practice would really desire

the new formulas to agree with the

results of experiments for ultimate

strength ;

" also, that the " irregular

agreement of experimental and computed
results, when t is given a value approxi-

mately equal to the ultimate resistance,

does not prove or disprove the new form-
ula, but. on the other hand, rather weak-
ens the confidence in the usefulness of

experimental results for ultimate

strength ; " it becomes a serious question

whether he is not only using rather a
" free lance " against engineering column
practice, but also taking Prof. Robinson
both in flank and rear for making such
desperate and questionable efforts to get-

even an approximate agreement between
the results of tests and his own formula.

I leave them to settle this question be-

tween themselves and take my adieu of

the discussion.
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THE EVAPORATIVE POWER OF ANTHRACITE COAL IN TESTS
OF STEAM BOILERS.

By WILLIAM KENT, M. E.

Contributed to Van Nosteand's Engineeeing Magazine.

That portion of Mr. R. H. Buel's paper
on the Compound Steam Engine, etc.,

which relates to the Steam Boiler (Van
Nosteand's Engineering Magazine for

June) contains so many statements which
are at variance with the generally received

opinions concerning boiler performance
and economy, that it should not be al-

lowed to become a portion of American
engineering literature unchallenged. It

would be difficult to discuss completely
such an elaborate paper, crowded as it is

with tables of figures, without occupying
more space than is taken by the paper
itself, but a few of the statements to

which exception may be taken may be
discussed briefly.

Mr. Buel states, in reference to the
summary of the experiments of Messrs.
Kestner and Meunier :

" There are no
American coals in this table, but as the
best anthracite coal of the United States

contains more fixed carbon than any
specimen of Table XL, it is reasonable to

suppose that it is at least equal in heat-

ing power to the best European coal

tested by Messrs. Kestner and Meunier."
It is unreasonable to make the suppo-

sition, 1st, because there are no records
anywhere published of accurate determi-
nation of the total calorific value of

American anthracite by which to support
the supposition. 2d, because in Kestner
and Meunier's table, the Groufcheski
anthracite, which contains the largest

percentage of fixed carbon of any of the
coals, has the lowest evaporative power
but one (lignites excepted), and hence by
analogy we would infer that the American
anthracites having higher percentages
of fixed carbon, would have lower evap-
orative power (per pound of combustible).
3d, because, as stated by Mr. Buel in his

quotation from Gruner, ''the heat of

combustion of a body, simple or com-
pound, is in general greater in propor-
tion as its molecular condensation is less

advanced," and " the heat of combustion
like the specific heat varies with the dens-

ity." Moreover, as shown by M. Gruner,
since the diamond gives by experiment
only 13,986 units, graphite 14,035, gas
retort charcoal 14,485, the less dense
wood charcoal 14,544, and gaseous carbon
theoretically 20,186 heat units, the calor-

ific power increasing as compactness of

structure diminishes, it would be reason-

able to suppose that anthracite, in which
the carbon is probably as compact as in

gas retort charcoal, would have a similar

heating value, or about 14,500 heat units.

The writer has always in his experience

in testing boilers, or in calculating the

results of tests, assumed the calorific

value of the combustible portion of an-

thracite coal to be 14,500 heat units,

equivalent to an evaporation of 15 lbs. of

water from and at 212° ; and he has thus
far seen no reason to believe that more
than 80 per cent, of this heating power
can be utilized under ordinary working
conditions in any boiler in which the

products of combustion are allowed to

escape at a temperature above 350° or
400°.

Mr. Buel gives a number of results of

experiments " generally regarded as being
amongst the most reliable that have ever

been made, all of which must be repudi-

ated by those who believe that the maxi-

mum heating effect attainable from the

combustible in the best varieties of Amer-
ican anthracite is 14,544 thermal units

per lb., and that the average amount of

air supplied to furnaces consuming
American anthracite is from 25 to 30 lbs.

per lb. of coal."

In the absence of any direct and con-

clusive evidence to the contrary, the

reasons given above are sufficient for

believing that the heating value of the

combustible in the best American anthra-

cite is not more than 14,544 thermal

units. And any test of a steam boiler

(made as ordinary boiler tests are made,
without either measuring the quantity of

air supply, or analyzing the coal or the

products of combustion, or making direct
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test of the heat lost by radiation) which
shows a result which would require the

heating value of anthracite to be greater

than 14,544 units, must be repudiated on
that ground alone, if there were no other,

notwithstanding the weight of authority

which is presumably due to the experi-

ments of Isherwood, or any other engineer
" generally regarded as being among the

most reliable."

As to the "average amount of air sup-

plied to furnaces consuming American
anthracite " being from 25 to 30 lbs. per
lb. of coal, perhaps there are not enough
data in existence from which to form
such an average. In the six anthracite

tests by Johnson in Mr. Buel's Table
XII., the amount of air supplied ranges
from 18.4 to 47.9 lbs., the average being 26

lbs. In the comparative test between Bab-
cock & Wilcox and return tubular boilers,

published in Van Nostrand's Magazine in

1883, Mr. Hoadley found the weight of

flue gases per pound of combustible to be
respectively 30.71 and 32.10 lbs. Until
direct experiment and analysis prove the
contrary there seems to be no reason to

suppose that the average amount of air

supplied in burning a pound of anthracite

coal is less than 25 lbs.

Let us suppose that the smallest quan-
tity of air which will burn the carbon of

the coal completely is supplied, viz., 12
lbs., or that the flue gases weigh 13 lbs. per
lb. of combustible, and that the maximum
probable calorific value of the combusti-
ble portion of anthracite is 14,544 heat
units, and apply these two assumptions
to experiments Nos. 5 and 9, Table XXV
and No. 1, Table XXII of Mr. Buel's
paper.

The results shown in this table lead to

the conclusion either that the heating
value of anthracite coal is greater than
14,544 heat units per lb. of combustible,
or that the results of tests showing evap-
orations of 14.86, 13.32, and 13.31 lbs.

are erroneous, the errors being due to
neglect of determination of priming, or
to possible inaccuracy of measurement.

That the first of these conclusions is

untenable has already been shown, that
the second is not unwarranted may be
shown, not only by the necessity which
follows from the exclusion of the first,

but by an entirely independent line of

argument.
I have selected from Mr. Buel's tables

1. Thermal units per lb

combustible
2. Weight of flue gases

per lb. combustible .

3. Specific heat of flue

gases
4. Temperature of flue

Vertical Wa-
ter-Tube ! Stead
Boiler

(Isherwood; Boiler
Table XXV.

Table

No. 5.

5. Temperature of fire-

room, say
6. Thermal units lost in

flue gases
7. Loss by radiation, prob-

ably not less than 4 per
cent, of 14,544

8. Thermal units available

for evaporation
9. Assuming above data
Maximum possible evap
oration from and at 212 D

per lb. combustible.. lb.

10. Result of test

11. Maximum possible effi

ciency per cent ,

12. Apparent efficiency ob
tained in test ,

13. Apparent efficiency

greater than maximum
possible per cent

14. If we assume that the

flue gases weigh 25 lbs.

per lb. of combustible,
maximum possible evap-
oration would be

15. Apparent efficiency

greater than maximum
possible per cent

Xo. 9. XXII.

14,544

.13

.238

322°

91

715

582

13,247

13.71
14.86

91.1

98.7

14.544 14,544

13

.238

600°

68

1646

582

13

.238

621°

68

1711

582

12,316 12,251

12.75 12.68
13.32 13.31

84.7

88.4

4.5

84.2

88.4

6.0

13.13

13.2

11. IS 11.05

19.1 20.5

all the figures showing rate of evapora-

tion from and at 212° per square foot of

heating surface and per pound of com-
bustible, and arranged them in the table

beneath. Column II. contains, in addition

to the tests given by Mr. Buel, a few
(Nos. 10 to 13) obtained from other

sources, and column III. contains some
figures from the results of tests at the

American Institute Fair, for comparison.

I have plotted these figures on cross-sec-

tion paper, using the lbs. per square foot

of heating surface as abscissas, and the

lbs. water per lb. of combustible as ordi-

nates, and find that a large majority of

all the tests are contained within a some-
what limited field, while a few, including
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all the tests of column VII., nearly all

those of column VI., but only a few of the

others, were outside of the field. Some
of the tests lay so far out of the field as

to indicate some abnormal condition or

some error. As there is nothing in the

construction of the boilers to explain the

positions of these tests, they must be due

to exceptional qualities of coal, or to errors

of test. In the tests in columns VI. and

Tests. (The italic letters are the capacity

tests.) There were fourteen boilers, erect-

ed especially for test and competition.

The same coal was used in the tests, and
the same experimenter made them. The
boilers were new and in excellent condi-

tion. It is to be expected therefore that

every effort was made to secure the high-

est possible results. As is the case in

every competition between strong rivals,

BOILER TESTS WITH ANTHRACITE COAL. RATIO OF EVAPORATION PER SQ.FOOT OF HEATING SURFACE PER HOUR TO
EVAPORATION PER POUND OF COMBUSTIBLE.

25 50 75 2 25 50 75 3 25 50 75 4 25 50 75 5 25 50 75 6 25 50 75 7 25 50 75 8 25 50 7:

The field enclosed by dotted lines contains 22 out of 2S Centennial tests. S out of 3 Babcoek & Wilcox, marked 9 5 all Am. Inst.

Fair tests, marked m Centennial economy test, marked A. B., &e. Centennial capacity test, marked A. B., &c

VIII. (Isherwood's) there are almost cer-

tainly errors due to primage, and they

are unreliable from the fact that no prini-

ing tests were made, if for nothing else.

The figures in the tables herewith are

arranged so as to show in some measure
the same facts which the plotted diagram

shows more clearly.

Consider column I. the Centennial

in good condition for a race, several of

the boilers came so close together in the

front rank that it is difficult to distin-

guish between them. The five boilers at

the top of the list which were tested with

anthracite coal gave results ranging onlv

between 12.094 and 11.822. these re-

sults are so close as to be within the limit

of accidental variation, and are certainlv
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within the limit of error of the calorime-

ter tests, which have been considered

erroneous by many good authorities.

Rejecting the test with bituminous coal,

_Z7, there follow five tests with results

between 11 and 11.6 lbs., 8 between 10
and 11 lbs., and 8 between 9 and 10 lbs.

"With but few exceptions the tendency of

the figures is towards decrease of econ-

omy with increase of rate of evaporation

per square foot of heating surface. If

we leave out the Galloway test X, the five

highest boilers show an average rate of

evaporation of 2.66 lbs. per square foot

of heating surface, the next four 2.93 lbs.,

the next eight 3.43, and the last eight

4.41 lbs., which figures would indicate that

if the rate of evaporation in the boilers

which evaporated less than 11 lbs. of

water per lb. combustible had been de-

creased, the economy of many of them
might have been increased so as to bring

them into the. front rank.

The chief lesson to be learned from the

Centennial tests, however, in this connec-

tion, is the fact that notwithstanding the

great difference in construction of the

boilers, the selection of the coal, and the

generally favorable conditions of the

tests, the highest result obtained by any
of the boilers with anthracite coal is only
12.094 lbs. of water per lb. combustible.

In a similar trial of five boilers at the

American Institute Fair in 1871, column
III., the best result is 11.34 lbs. The
best result yet published of the Babcock
& Wilcox boilers is 11.822 lbs., or, reject-

ing the calorimeter tests as erroneous,

12.131 lbs. Surely these figures are suf-

ficient to render it extremely probable
that higher results than 12.131 lbs. per
pound of combustible are not to be ex-

pected from such anthracite coal as was
used in the Centennial tests, under simi-

lar conditions of pressure of steam and
temperature of flue, and if any test shows
a higher result, it is prima facie evidence
either that the coal has a higher calorific

power than the coal used in the Centen-
nial tests, or else that the test is errone-

ous. The fact that the Babcock & Wil-
cox tests have been made with many
different kinds of anthracite, and none of

them have given better results than were
shown in the Centennial tests is also an
indication that there is no better anthra-

cite in the market than that used at the
Centennial.

Assuming what is probably true, that

80 per cent, of the total heating power of

a coal can be obtained in a boiler work-
ing with high pressure steam and natural

draft, and that the remaining 20 per cent,

covers all losses from heat carried away in

the gases of combustion, radiation, evap-
oration of moisture in coal, etc., and that

this 80 per cent, was reached in the five

Centennial tests showing the best result,

say 12 lbs., then the heating power of
the combustible portion of the coal is

equal to an evaporation of 12-5-^°,,=:

15.0 lbs., and 15x965.7= 14,485 thermal
units.

If we assume, as Mr. Buel does, that

the heating value of anthracite is 17,320
thermal units, then the best result ob-
tained at the Centennial would show an
efficiency of only 67.5 instead of 80 per
cent. It would be difficult to figure up
a loss of efficiency in the best of these tests

of 32.5 per cent, without assuming an
enormous excess of air in the flue gases,

an enormous amount of radiation, or else

imperfect combustion. It is not conceiv-

able that either of these conditions could
be allowed in the five tests showing the

best result, and we are forced to the con-

clusion therefore that the heating value

of anthracite coal is not anything near
17,320 thermal units per lb. of combusti-
ble, but is more nearly 14,500 thermal
units.

But Mr. Buel may answer, all this is

pure theory, and is opposed to the actual

results obtained from the experiments of

Isherwood on Marine boilers, and the
experiments on the Stead boiler. The
rejoinder is, that the theory is based on
a larger number of facts, and better at-

tested than Isherwood's or Stead's, since

in neither of these cases was there any
competition between rival boiler makers,
nor is there any evidence that such pre-

cautions were taken to insure accuracy as
were taken in the tests at the American
Institute Fair and at the Centennial. So
convinced am I of the fact that the heat-

ing value of American anthracite is not
materially greater than 14,500 thermal
units per lb. of combustible, and that it

is not possible to obtain more than a

trifle over 12 lbs. of water evaj)orated

from and at 212° per lb. of anthracite

combustible in any high pressure boiler

with natural draft, that if I should obtain

a higher result in a test, I would discredit
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my own figures, and make the test over
again.

In column II. I have introduced some
figures of tests of Babcock & Wilcox
boilers in addition to those given by Mr.
Buel. No. 10 is from a test by Mr. Geo.
H. Barrus, using a mixture of anthracite

screenings and Powelton semi-bitumin-
ous. It shows two facts, 1st, that the
semi-bituminous coal has a greater heat-

ing power than anthracite ; 2d, that al-

though the boiler was driven at a very
high rate of evaporation it still showed
excellent economy, and indicates an error

in Mr. Buel's statements that water-tube
boilers are not economical at high rates

of combustion.

Nos. 11 and 12 are two tests of the
same boiler made by myself. No. 11 was
with poor pea coal, and No. 12 with clean

egg. The higher rate of combustion
shows the best result. No. 13 was a test

made by my assistant with a semi-bitu-

minous coal. It confirms Mr. Barrus'
test, No. 10, in showing that the semi-bi-

tuminous coals have greater heating value
per lb. of combustible than the anthra-
cites.

Mr. Buel makes another thrust at sec-

tional boilers in respect to their safety.

Instead of taking an English experience
as old as 1878, in which 79 per cent, of

all the boilers are of patterns rarely used
in this country, and only 15 per cent,

are externally fired boilers, he might have
taken present experience in this country,
with probably 79 per cent, of externally
fired boilers, which are continually ex-

ploding with great loss of life, and prob-
ably 15 per cent, of sectional boilers, none
of the chiefly used and properly designed
varieties of which have ever yet been
known to explode, except in detail, doing
no damage to life.

Considerable space is taken by Mr.
Buel in proving that in a boiler with good
furnace heating surface this surface evap-
orates the greater part of all the water
that is made into steam by the boiler.

In any boiler in which the furnace heat-
ing surface bears a large ratio to total

heating surface this must follow as a
necessary consequence of the law that the
transmission of heat varies approximately
as the square of the difference of temper-
atures on the two sides of the plate. It

does not nevertheless follow that it is best

to design a boiler with large ratio of furnace
to total heating surface. The writer has
made experiments with Babcock & Wil-

cox boilers in which the furnace heating
surface was materially reduced, by pro-

tecting it from radiation from the fire by
means of a fire-brick arch. The results

were as well as could be expected with
the coal used (Penn'a. & Illinois bitumin-
ous), and very much better than he ob-
tained with the same coal and the same
boiler without the arch, or with the same
coal and different boilers, in which the

ratio of furnace to total heating surface

was quite large.

Mr. Buel depends for a considerable por-

tion of his argument upon the theoretical

efficiencies derived from Rankine's form-
ula. To show how much dependence
should be placed upon this formula it

may be well to refer to Rankine, (Steam
Engine and Prime Movers p. 293).

"Hence it may be expected that the

efficiency of a furnace will be expressed

to an approximate degree of accuracy by

the following formula =r =
E' S +AE

which A is a constant which is to be

found empirically, and is probably pro-

portional approximately to the square of

the quantity of air supplied per lb. of

fuel." "B is a fractional multiplier to

allow for miscellaneous losses of heat,

ichose value is to be found by experi-

ment^ "The formula is of course not
intended to supersede experiments and
practical trials, nor to give results as

accurately and satisfactorily as such ex-

periments and trials, but to furnish a

convenient means of estimating approxi-

mately the evaporative power of fuel in

proposed boilers, and the comparative
efficiency of different boilers. The form-

ula is framed on the supposition, etc."

Rankine's formula was first published in

1859.

In so far as his constants are based
on experiment, they are on experiments
with boilers of a class not often used in

this country for stationary purposes, and
with coals which are in every way dissim-

ilar from our anthracites. It is useless

therefore to predicate anything concern-
ing the various types of boilers not
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known to Kankine in 1859, and fired with

coal of a character not known to him, by
means of his formula, based as it is on
probabilities and suppositions, without
first correcting the constants in it, as

Rankine himself directed, by means of

experiment.

Lest the length to which this article has
grown may lead to some confusion in the

mind of the reader as to the exact points

of my disagreement with Mr. Buel I will

restate briefly my positions as follows

:

1st, There is no reason to believe that

American anthracite coal has a higher
heating value than 14,544 thermal units

per lb. of combustible.

2d, It is probable that the average air

supply to furnaces burning anthracite

coal, when it is thoroughly burned, with
natural draft, is not much less than 24
lbs. per pound of combustible.

3d, That any test of a boiler at high
pressure, with American anthracite coal,

and natural draft, which shows a re-

sult exceeding 12 pounds water per
pound of combustible should be discred-

ited, at least until competing tests by a
board of experts, such as the American
Institute Fair or the Centennial tests,

shall have shown that a higher result can
be reached in practice.

4th, That while heating surface in the
furnace may transmit more heat to the
water than surface which is beyond the
furnace, it by no means follows that
greater economy will be obtained by
making the ratio of furnace to total heat-
ing surface greater than now prevails.

5th, That no sound argument can be
based on Eankine's formula in relation to
American anthracite practice, until the
constants in it are corrected by experi-
ments for the particular class of boiler

and of fuel in question.

6th, That water-tube boilers do not
give inferior results at high rates of
combustion, if they are properly propor-
tioned for such high rates, to any greater
extent than any other class of boiler.

7th, That notwithstanding the letter of
an English authority in 1878 which shows
that a certain Insurance Co. had no ex-

plosions, disastrous explosions are very
common in this country with ordinary
shell boilers, while no serious explosion
has been known of a boiler properly
called sectional.

8th, That the test of the Stead boiler,

No. 1, Table XXII., must be discredited,

and it is not probable that the Stead
boiler can be made to show any better

results than 12 pounds of water per
pound of combustible when run under
high pressure and natural draft, and with
coal similar to that used in the Cen-
tennial tests.

The Tensity and Pressure of Detonating
Gas Mixtures.—MM. Berthelot andYielle

have recently been studying the influence of
the density of detonating gaseous mixtures
upon the pressure developed. The measure
of pressure developed by the same gaseous
system, taken under two initial states of differ-

ent density to which the same quantity of heat
is communicated, is an important matter in
thermodynamics. If the pressures vary in the
same ratio as the densities, we may conclude,
independently of all special hypothesis on the
laws of gases, first, that the specific heat of the
system is independent of its density (that is to
say, of its initial pressure), and depends only
on the absolute temperature, whatever that
may mean : and secondly, that the relative

variation of the pressure at constant volume,
produced by the introduction of a determinate
quantity of heat, is also independent of the
pressure and a function only of the tempera-
ture. Lastly, the pressure itself will vary pro-
portionally with the absolute temperature, as
defined by the theory of a perfect gas, and will

serve to determine it. MM. Berthelot and
Vielle operated with a bomb, at first kept at

ordinary temperatures in the air, and after-

wards heated in an oil bath to 153 deg. Cent.
They also employed isomeric mixtures of the
gases, methylic ether, cyanogen, hydrogen,
acetylene, and other gases were experimented
upon, and the general conclusions are as fol-

lows : 1. The same quantity of heat being fur-

nished to a gaseous system the pressure of the
system varies proportionally to the density of
the system. 2. The specific heat of the gas is

sensibly independent of the density as well to-

wards very high temperatures as about deg.
Cent. This is all true for densities near to

those that the gas possesses cold under normal
pressure, and which varied in the experiment
to double the original value. 3. The pressure
increases with the quantity of heat furnished to

the same system. 4. The apparent specific heat
increases parallel with this quantity of heat.

These conclusions are independent of all hy-
potheses on the nature and laws of gases, and
were simply drawn from the experiments in

question.
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EXPERIMENTS WITH COMPRESSED GUN COTTON,
CONDUCTED IN THE MANUFACTORY OF MAX WOLFF & CO., WALSKODE.

By the Superintendent, MAX VON FORSTER, Engineer, Premier-Lieutenant a. D.

Translated from the German, with consent of the Author, by Lieut. JOHN P. WISSER, U. S. Army.

The following experiments have for an
object to determine in what manner com-
pressed gun-cotton should be applied to
obtain the greatest and most useful
effects. Many experiments have already
"been made with this object ; it is difficult

to arrive at correct results since we have
no accurate instrument for measuring
the force of quick-burning explosives.

Nevertheless, the author believes that,

assisted by his long-continued practice
in military and civil work with explosives,
he has been able, supported by the fol-

lowing experiments, to arrive at an ap-
proximately correct conclusion on the
effects of the various kinds of explosives.

The differences in effect between the
less rapid-burning and the more rapid-
burning, between the rapid-burning and
the slow-burning, are so marked that they
may be easily observed, and compel the
admission that certain conclusions may
be drawn therefrom.

Moreover, as superintendent of a gun-
cotton factory, the author has the oppor-
tunity, and it is in fact his duty, to work
with this explosive ; material, time and
place are always at his disposal for these
investigations, so that he may hope to
have made some progress in the prepara-
tion of gun-cotton, as well as a few observ-
ations on its properties. The author
will, nevertheless, be very grateful for
every correction, and also for any contri-

butions on other experiments in the same
field, and will gladly modify his views
through other obtained results, continu-
ing, meanwhile, his own researches.
The gun-cotton used is, unless other-

wise stated, such as is prepared in Ger-
many and other states for military
jmrposes, and is made in the factory of
Messrs. Wolff & Co., Walsrode. It con-
tains 12.3 per cent, nitrogen in the ash-
free substance, and is in the form of
cylinders 30 mm. in diameter and 70 mm.
or more in height, and has a specific

gravity of one; a few pieces of larger

diameter, having a specific gravity of 1.1

are also employed.
By dry gun-cotton is understood that

which has been dried until its weight is

constant, and has then absorbed about
1 per cent, of moisture from the atmos-
phere.

Wet gun-cotton has absorbed in 100
parts of gun-cotton by weight the parts

of water given, mostly 25 per cent. For
the detonation of dry gun-cotton primers
(called detonators) are used, containing

1 grm. mercury fulminate, which are fired

partly by electricity, partly by means of

Bickfords' quick-match.

The object to be exploded consists of

a leaden cylinder 46 mm. in diameter, set

upon a small iron plate lying on the solid

ground. The cartridges are placed on
the leaden cylinder.

It is to be remarked that the cartridges

have a greater effect on the shorter than
on the longer leaden cylinders, that there-

fore only those explosions, which occurred

on cylinders of the same height, can be
directly compared.
The annexed drawings exhibit the lead-

en cylinders in cross-section and plan,

after the explosion.

Following the experiments on the

effects of explosion are given certain

observations on, and other experiments
with, compressed gun-cotton.

1. EXPERIMENTS ON THE EFFECTS OF

EXPLOSION.

In Plate 1 the explosions Nos. II.. III.

and IV. were made with cartridges of 50

grm. gun-cotton 70 mm. long; Nos. I. and
V. with cartridges of greater weight, but
also of greater length ; the increased

weight had no increased effect, on the

contrary, the effect in case of the longer
cartridges was diminished.

The explosions VII., VIII. and IX.

were produced by cartridges of the same
size as II., III. and IV., not solid, how-
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ever, but hollow, as shown in Plate 1,

Figure 2.

The effect on the leaden cylinder is

greater in case of the hollow cartridges

although the solid ones were greater in

weight.

The explosions VI. and X. are analo-

gous to I. and V., with cartridges of

greater weight, but also greater length,

than VII. , VIII. and IX. The effect of

both is again less than of those conducted
with less weight.

It follows therefore, that in case of dry

gun-cotton no increased effect is produced
by increasing the charge, if at the same
time the length of the charge is increased

;

furthermore, it appears that in a long

cartridge of dry gun-cotton the iqjper

parts cannot transmit their detonation to

the lower parts in the same explosive

shock as that effected by the initial deton-

ation of the primer, and hence itfolloios

that in long charges of dry gun-cotton it

is better to use several primers, placed
some distance apart, and to fire them by
electricity, in order to produce the greatest

possible effect of the total charge.

These relations are more apparent in

case of gun-cotton mixed with saltpeter

and of wet gun-cotton.

In Plate 2, IX. is a cartridge of gun-
cotton intimately mixed with 50 per cent,

barium nitrate ("Baryt saltpeter "), con-

stituting an almost homogeneous mass.

The cartridge is 70 mm. high, weighing
65 g.; the explosion VIII. is of a similar

cartridge, but 220 mm high and weighs
225 g.; now, although the effect of the

latter cartridge is not increased in propor-
tion to the increased wTeight, it is never-
theless greater on the whole, and indeed
considerably greater than in the former
cartridge, while in the case of dry gun-
cotton the effect was diminished.

Explosion X. consists of two wet car-

tridges with 25 per cent, water, and a

dry one of 50 g. for the xDroduction of the

detonation.

Explosion XI. consists of three wet
and one dry cartridges.

The effect of these two explosions is

the greatest of those thus far described ;

it is considerably greater than that of the

dry priming cartridge alone, and much
greater than that of the long charges of

dry gun-cotton. In case of the wet gun-
cotton the detonation was propagated
with at least equally great suddenness

throughout the entire length of the
charge. Moreover, the wet gun-cotton
is, on the whole, more sudden in its ef-

fects than the dry.

The dry gun-cotton depresses the cen-

ter of the leaden cylinder and bends the
edges over, but both parts have, never-

theless, a smooth surface ; in case of the
wet gun-cotton the part of the lead re-

ferred to was torn and pulverized.

Similar effects have been obtained
with the very sudden explosives prepared
from nitric acid and binitro benzole, as

well as from nitrous acid and sulpho-

carbides.

Professor Abel, in his highly important
experiments, described in Dingler's Poly-

technisches Journal, 1S74, has shown
that the rapidity of propagation of the

detonation of dry gun-cotton is consid-

erably less than of wet gun-cotton ; the

above experiments show that this is also

true with respect to the effects of the two
kinds of gun-cotton ; furthermore, that

in a long charge the effect itself of the

dry gun-cotton diminishes towards the

end of the charge, while that of wet gun-
cotton does not.

Professor Abel found, further, that

in long charges of gun-cotton the rate of

propagation of the detonation was uni-

form, being as great in the last meter as

in the first. But he used gun-cotton

with 30 per cent, water ; for, otherwise

would have been the results had dry gun-

cotton been used. This will probably

have a slower rate of detonation towards
the end of the charge.

Professor Abel says, moreover, p. 318,

Dingler's Journal, 1874

:

" The more energetic action produced
when gun-cotton and its preparations are

detonated in a moist condition, has fur-

nished the striking proof that the detona-

tion is transmitted the more easily, and
the transformation of solid to gas and
vapor takes place the more suddenly the

less the compressibility of a given explo-

sive mass subjected to the action of a

sufficient initial detonation. Since the

water replaces the air contained in the

compressed masses, the propagation of

the detonation will evidently be favored

by the increased resistance which the

particles offer during the instant of det-

onation."

True as these propositions are they
do not explain the difference in action re-
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ferred to between dry gun-cotton and
wet gun-cotton containing 30 per cent,

of water. The latter is more easily com-
pressible and less compact than dry, and
is much more easily subject to being
crumbled and torn up than the dry.

When it is desired to work over dry
pieces of gun-cotton in the factory, which
must therefore be first crumbled, they
are moistened, because they are then more
easily crumbled. The particles of a wet
cartridge will probably offer a much
smaller resistance to the initial detona-

tion against tearing and dispersion than
those of a dry cartridge.

The initial detonation acts principally

by the shock ; when this strikes a dry
cartridge filled with air the air acts to

diminish the shock ; because it is elastic

it is compressed and transmits a slighter

shock than it received. The water in a

wet cartridge is not compressible ; it

transmits the received shock with a force

equal to that which it received.

The explosions Plate 2, I., II. and III.,

exhibit a clear view of the necessity of

giving the charge and the object to be
destroyed the largest possible surface of

contact, and the charge itself the least

possible height.

No. I. is 18 mm. high, No. II. only 13
mm., but has a larger surface of contact
with the leaden cylinder ; the latter has
produced a greater effect than I. in spite

of its less weight ; explosion III., with
triple the weight, but also triple the
weight of charge of II., has accom-
plished but little more than the latter.

The same effect of the form of the
charge is shown in Plate 2, explosions
IV. and V., and also VI. and VII.

Explosion VI. has a flat charge, lying
close to the object, and has acted with
considerably more force than VII., in

which the same weight of gun-cotton is

applied in a high and narrow foi*m.

In all these results it is remarkable
that the difference of effect is already ap-

parent with small differences in dimen-
sion ; a charge 13 mm. high acts more
energetically than one 18 mm. high, and
a still greater difference is found in the
action of one 30 mm. high, and another
68 mm. high of equal weight.

If we place a piece of compressed gun-
cotton on a piece of iron, an accurate
impression of the form of the under sur-

face of the gun-cotton is produced by the

detonation ; the gases acting on the iron

have occupied exactly the same space, and
no more, that the solid explosive previ-

ously occupied. As long as the detona-

tion gases act they have not yet expand-
ed on the whole.

Every angle, every depression, every

indentation present in the piece of gun-
cotton, is copied by the gases and im-

pressed on the underlying iron, and we
may also conclude herefrom that only the

gases evolved by the very undermost
layer of gun-cotton act on the iron, while

the others are lost.

If we observe the action of compressed
gun-cotton, as compared with that of dy-

namite, on compact rock, with the appli-

cation of drill holes, it will be found that

gun-cotton destroys the interior of the

drill hole, that it completely pulverizes

the rock, but that it does not eject the

pieces as dynamite does. The action of

gun-cotton seems to be more sudden, but
more local, than that of dynamite.

If we could give the gases of the det-

onated gun-cotton a fixed direction to-

wards the object the effect would be in-

creased. The experiments here given

furnish two means of attaining this end
to a certain degree.

In Plate 1 the primers are set in the

cartridge on the side opposite the object

to be destroyed in all the explosions, ex-

cept XL and XII., in which the primer
is placed in that part of the cartridge

which is in contact with the object. The
effect of these last two explosions is

much less than that of the others.

The detonation of the primer gives the

detonation gases a direction away from
itself, a direction towards the side oppo-
site.

This fact may be explained by the

transfer of the vibrations of the gases of

the primer to those of the gun-cotton,

when the gases of the primer have a fixed

direction. Simpler is the explanation

that the detonation gases of the primer
form, to a certain extent, a dam, so that

they offer from the beginning a resistance

to the gases generated from the gun-cot-

ton, and thus press them toward the

other side. Even a very weak dam of

loose earth acts on the gases of the ex-

plosive, why not the energetic detonation

of the mercuric fulminate ?

At what point in the cartridge the

original direction of the erases is main-
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tained has not yet been determined;
according to the experiments here given,

the distance does not seem to be very
great, but the direction given by the ini-

tial detonation, in case of a cartridge of a

weight of over double the diameter, 70:30,

becomes quite noticeable. In explosions

in a closed space the same phenomena
occur, as illustrated in Plate 2, explosion

XV.
The cartridge is here enclosed in a

block of lead, and the opening, through
which the cartridge was introduced, is

closed by a leaden stopper. The latter

is fastened with iron bands. The car-

tridge is therefore enclosed equally firmly

on all sides. The primer is not intro-

duced into the cartridge but is simply in

contact with it.

In this explosion, a circumstance un-
favorable for this phenomenon was that
the enclosing of the cartridge was not
complete, since the iron bands, which
held the leaden stopper, were fractured

by the explosion, so that the stopper was
carried away, and gases were enabled to

escape prematurely on the side of the
primer. Otherwise the action would have
been even more energetic than it actually
was.

The primer must therefore always be

placed on the side opposite the charge.
The second method of giving the de-

tonation gases a fixed direction, consists,

according to the experiments, in furnish-
ing the cartridge with a hollow opening,
on the side opposite the primer and ad-
jacent to the object to be destroyed.
Explosions VI. -X., Plate 1, furnished with
hollow cartridges are, on an average, con-
siderably more violent than I.-V., al-

though the latter were of the same size,

but greater in weight, since they were
solid.

An increased action, in case of the hol-
low cartridges, takes place exactly in the
direction of, and over the entire cross-
section of the opening. More clearly is

this shown when, in place of lead, the
more brittle metal, iron, is taken as the
object to be destroyed.

In explosions XII.-XIV., Plate 2,

wrought iron was selected as the object.
In XIII. and XIV. a strong impression
of the cross-section of the hollow opening
of the cartridge appears, which is twice
the depth of the impression produced by
s, solid cartridge as in No. XII.

On the ichole, the effect of hollow car-

tridges is greater than of solid cartridges

of equal size though greater in weight.

In explosions where the space, in which
the exp'osive charge is placed, is limited,

as in the explosive charges of shells, in
which the explosive charge and the object

to be exploded cannot receive a larger

surface of contact than that of the inte-

rior of the shell, it is best to apply both

means described, viz.: the hollowing of
the charge and the placing of the primer
at the base of the shell, in order to obtain

an increased action towards the head of
the shell, in which direction cdso the ob-

ject to be destroyed will almost always
lie.

The use of wet gun-cotton instead of
dry will also offer extraordinary advan-
tages.

In the application of gun-cotton it

must be added that, aside from the fact

that the action of the explosive charge is

greater, the wet gun-cotton, as is well

known,, is much less dangerous in the

preservation and handling thereof than
the certainly very slightly dangerous dry.

The combustion of a large supply of gun-
cotton, and hence a loss thereof by fire,

will be prevented by wet storage of it.

2. COATING OF GUN-COTTON BY MEANS .OF

A SOLVENT THEREOF.

Compressed wet gun-cotton has many
inherent disadvantages : the water evap-

orates readily, and the cotton must there-

fore be moistened again from time to

time (although this may be greatly dimin-

ished by good packing and storing in

magazines), moreover wet gun-cotton

crumbles easily, and even very well

packed wet gun-cotton may suffer much
in long-continued transportation, finally

it is subject to the formation of fungus,

which will in time destroy its structure.

It may be remarked, in passing, that the

formation of fungus is favored by the

presence of paper in the packages, which
shall therefore be carefully avoided.

The author has, however, discovered a

process for avoiding or largely diminish-

ing the above-mentioned objections to

wet gun-cotton. It is as follows

:

If we dip pieces of wet gun-cotton for

a short time, j—\ minute, into good acetic

ether, into nitro-benzole, or into other

solvents of gun-cotton, then take them
out and allow the solvent to evaporate,
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there will be formed on the piece of gun-
cotton a very thin, but very compact
coating', which gives it a very firm shape,

protects it against crumbling and pre-

vents fungoid growth.
This coating, which consists of dis-

solved gun-cotton, and which should be
absolutely water-tight, nevertheless does
not, protect completely against the grad-

ual drying of wet gun-cotton ; there are

formed in the coating very tine, invisible

cracks, through which the water, though
slowly, evaporates.

A piece of gun-cotton not thus coated,

containing 25 per cent, water, will become
air-dry (i.e., with 2 per cent, moisture) in

summer in a current of air, in several

days, whereas in case of gun-cotton coat-

ed by means of ether, etc., several weeks
will be required. The dried piece placed
in water takes it up again. But this does
not proceed very rapidly ; in case we wish
to effect the absorption of moisture quick-

ly, in l-l-£ hours, we can, in the process
of manufacture, leave little uncoated
spaces in the coating, through which the
water may penetrate rapidly.

The process described can also be ap-

plied with advantage to dry gun-cotton.
If we coat a piece of dry gun-cotton,

supplied with an opening for the recep-

tion of the primer, by means of a solvent,

the gun-cotton will first, as in the case of

wet gun-cotton, receive a firm, permanent
form, and secondly, the cartridge, as well
as the opening for the primer, will be
protected against moisture, without inter-

fering with the introduction of the prim-
er, as would be the case were the opening
specially closed by a sheet of paper, and
also without diminishing the capacity to

explode, as would be the case were the
opening lined with copper, etc. The thin
coating of gun-cotton offers no resistance

to the action of the primer ; many experi-

ments have proven that such cartridges
will detonate with a ^-grm. primer.
Moreover, such a cartridge can be used
under water directly, without the neces-
sity of introducing the primer water-
tight.

It is possible to prepare pieces of gun-
cotton, by means of such a coating, so
water-tight that when placed in water for
several weeks tbey will not increase in
weight; however, this does not always
succeed as in this case also small cracks
seem to be formed. The author has

therefore more recently coated only the
walls of the opening for the reception of

the primer by means of ether, and ren-

dered the other portions impermeable by
dipping them in melted paraffin. By this

means water-tight cartridges have been
uniformly obtained.

The opening for the primer may also

be made water-tight, by lining it with
copper, etc., but there follows a great
objection in that the capacity to explode
readily suffers, since, first, a layer of air

forms between the gun-cotton and the
lining, secondly, the lining must be brok-
en by the primer, and thirdly, another
layer of air, or, in case of explosion under
water, a layer of water, exists between
primer and lining.

It happened often to the author that,,

in explosions under water, when the
priming cartridge was adjusted by a cop-
per lining, in spite of the use of the best
primers, the gun-cotton charge began to

burn indeed, or to decompose into dense
red fumes, nitrous acid fumes, etc., but
did not detonate.

This decomposition of gun-cotton into

nitrous acid fumes, etc., caused by an
insufficiently energetic initial detonation
of the primer, appears not to have been
elsewhere noticed.

In the manufacture of gun-cotton,
during the nitration of the cotton, this

decomposition is of common occurrence
when the temperature rises too high.

The process of rendering the opening
for the primer impermeable through
ether coating may furthermore be of

importance when wet gun-cotton must
remain in close contact for a considerable
time with the dry priming-cartridge,
since, in case it is not made impermeable,
it is to be feared that the evaporation
from the wet gun-cotton will moisten the
dry. This takes place very easily and
rapidly, and can hardly be avoided in

case one may wish to use both wet and
dry gun cotton as in shells.

The principal advantage of the process
described is that it gives the wet gun-cot-
ton a permanent form, and thus renders
it applicable in war.

3. SPONTANEOUS DECOMPOSITION OF
GUN-COTTON.

The author is in possession of a piece
of compressed gun-cotton of the year
1878, which, in the process of manufac-
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ture, was not completely washed, so that

some acid remained. The piece was pre-

served during this time in a chest kept

in a dry place. It is now completely

decomposed, and has become a greenish,

soft mass, which has lost the structure

and appearance of gun-cotton, and, when
pressed, yields a glutinous liquid. It

smells sour, burns when ignited with a

white flame (gun-cotton with a red flame)

and emits no appreciable vapors. In an
air-tight preserving-jar, in which a part

of this experimental prism of gun-cotton

was preserved, no pressure has been no-

ticeable since the decomposition has set

in.

This phenomenon shows that the spon-

taneous decomposition of poor gun-cotton

takes place without the production of

flame, and the author believes that a

spontaneous combustion of gun-cotton

has never occurred. Of course, gun-cot-

ton subjected to high temperatures, such

as can only be brought about artificially,

temperatures above 120° C, is not here

included. Good gun-cotton is sufficiently

stable for all practical purposes.

How many unforeseen accidents may
cause combustion is proven by the follow-

ing experiment, communicated to the

author by Professor Kraut, in Hanover.
If we take a good handful of simple

cotton wadding, set a portion of it on Are

and wrap the other part around the kin-

dled point, so that the air is excluded,

the piece of wadding may be wrapped in

paper and preserved for months.
If, at the end of this time, the wadding

is unwrapped and air admitted, the part

kindled months before goes on burning
and consumes also the rest of the cotton.

How often may this phenomenon have
occurred when, in case of a combustion
*of ordinary cotton in large bulk, it was
said to be due to spontaneous combus-
tion. With gun-cotton it was probably
often the same.

4. AN EXPLOSION UNDER WATER.

It would be of great interest if a charge

of gun-cotton, which has been placed

under water, could be preserved explosive

for a fixed time, and be so arranged that,

after another fixed time, it will cease to

be explosive, and thus render itself inex-

plosive.

This would be of importance in all

blastings of rocks in the beds of rivers,

in harbors, etc., because in these cases

ships and workmen in diving-bells and
diving-clothes must approach the point

of explosion in order to undertake the

work of clearing away, and to accomplish
this work pounding and striking with
heavy iron tools is necessary, by which
after-explosions of charges which had
missed fire may occur.

It may furthermore be of importance
in the laying of sub-marine mines, which
need be operative but for a limited time,

and must not be dangerous to our own
shipping thereafter, and must moreover
be capable of being raised without dan-

ger.

The author hereof has discovered a

method of procedure which meets these

requirements.

When a cylinder of compressed gun-
cotton is so enveloped that only the bot-

tom, that is, the part opposite the primer,

is not water-tight, and is set in water, the

latter will gradually penetrate into the

cartridge from the bottom upward and
thus wet it. When the water has nearly

reached the primer, and an amount of

dry gun-cotton is therefore present, not
sufficient, even if it detonates, to cause
the detonation also of the wet gun-cotton,

the charge or mine is no longer capable

of detonating, and becomes perfectly

safe.

In a short while the rest of the dry
gun-cotton becomes wet and the priming
will be entirely useless.

Therefore, in explosions with gun-cot-

ton under water a priming-cartridge, as

above described, is used, the rest of the

charge being composed of wet gun-cot-

ton.

The priming-cartridge is easily enclosed

so that only the bottom thereof is perme-
able to water by enveloping it in a rubber
tube open below, in the upper part of

which the priming is tied water-tight.

The cartridge may also be made imper-

meable by means of paraffin or a coating

of ether, and the bottom then cut off.

The coating with ether has the great

advantage that the opening for the prim-

er is made impermeable at the same time.

The coating produced by ether is suffi-

cient also in itself, without the rubber
tube.

Iii the case of sub-marine mines many
other absolutely safe means naturally

offer themselves for the preparation of
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the priming-cartridge, according to the

same system and for the purpose in view.

A cartridge of pure gun-cotton, of

specific gravity 1.1, 100 mm. high, remains
explosive for about 8 hours, and in 11

hours is completely wet and entirely in-

capable of being exploded by shock. A
cartridge of gun-cotton mixed with salt-

peter remains dry longer than one of

pure gun-cotton.

The specific gravity, the length of the
cartridge, and the extent of sui'face

through which the water can penetrate,

constitute factors sufficient to determine
satisfactorily, within certain limits, the

time during which the charge will remain
explosive, since, with proper care, car-

tridges may be furnished sufficiently uni-

form in character to produce a uniform
action.

ELECTRICAL CONDUCTORS.
By WILLIAM HENKY PREECE, F. R. S., M. Inst. C. E.

Proceedings of the Institution of Civil Engineers.

II.

DISCUSSION.

Mr. Brunlees, President, said he
thought the discussion might well be
taken in three parts. First, as to the
qualities which electrical conductors
should possess ; next, as to the manufac-
ture of the conductors, and then, having
the electrical conductor according to the

conditions laid down by men of science,

and according to the possibilities of man-
ufacture, on the practical use of the con-

ductor. He would first ask Mr. Preece
if he desired to add anything before the

discussion commenced.
Mr. Preece expressed his deep regret

that one seat at the Council table was
empty, a seat that had been filled by one
who had taken a prominent part in the

discussion of every electrical paper
brought before the institution. The late

Sir William Siemens had taken the deep-
est interest in the subject, and had suc-

ceeded very largely in enriching it. Mr.
Preece had brought forward many facts

to illustrate the improvement effected in

electrical conductors during the last

quarter of a century, and he hoped that
the discussion would elicit other facts,

showing how the mechanical and elec-

trical qualities of the various metals had
been almost metamorphosed. The chief

point that he desired to emphasize was
the position that copper was likely to

take in the future, and the remarkable
mechanical powers that it evinced. He
had brought for inspection a number of

specimens illustrating the behavior of

metals and showing how they were pro-
duced. In speaking of them in his paper
he had been compelled frequently to use
a term which was familiar in the mouth
of every electrician as a household word,
but which had not yet become familiar to

engineers—the term "resistance." He
had spoken throughout the paper of the
resistance of wires, knowing well, as an
electrician, what the term resistance

meant ; but many engineers assumed
that it meant mechanical resistance—re-

sistance to tension or to rupture. It was
a misfortune that the term had been too
freely introduced, and it would have been
better if he had spoken entirely in terms
of conductivity. If he had said that a cop-
per wire conducted electricity six times
better than iron wire of the same dimen-
sions, he should have been better under-
stood than by saying that a piece of wire
had one-sixth of the resistance, or six

times the resistance, as the case might
be. Sir William Thomson had pointed
out in that room how it was that conduc-
tivity was the exact reverse or reciprocal

of resistance, and he went so far as to

suggest that there ought to be a stand-

ard for conductivity, as there was a
standard for resistance. That point had
not, however, yet been reached. But,
should he still use the term "resistance,"

he wished it to be clearly understood that

he meant by it the reciprocal of conduc-
tivity. Resistance was expressed in

terms of a standard called the ohm,
and he believed the day was not far
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distant when every one would know
what an ohm was as well as what a

foot was, or what a meter was. The
ohm standard was expressed by a certain

length, a column of mercury, about 1

meter in length, of 1 square millimeter

section. But in dealing with copper and
with iron, a standard had been intro-

duced expressed in weight per mile.

Copper wire weighing 842 lbs. per mile

gave an ohm, and was called a mile ohm
of copper ; iron wire weighing 4,500 lbs.

gave a mile ohm of iron ; so that the

relative dimensions of that curious stand-

ard depended both upon length and
weight. He had brought for exhibition

the various instruments that were used
to test the metals, and he would show
the test upon iron, and, if time permit-

ted, upon copper, for he wished the

members to have distinct evidence of the

remarkable mechanical qualities of the

copper produced at the present day.

The copper wire specimens on the table

possessed a breaking strain of 30 tons

on the square inch, while the iron used
for telegraphic purposes possessed a

breaking strain of only 22 tons. Again,

there was an impression that copper was
very plastic, and that it stretched very

considerably ; but he had figures show-
ing that it did not stretch so much as

iron ; indeed, the copper wire then

used stretched considerably less than

iron ; so that in both properties, tensile

strength and elasticity, the copper of the

present day was better than the iron.

The machine exhibited was that used for

testing the breaking strain. There was
a system of levers and a shifting weight.

As at present arranged, the machine
would register from 1 lb. to 5,000 lbs.

There was a length of wire applied which
was clamped in such a way that there

was no nipping or biting, and it suffered

no mechanical injury. When, by means
of the wheel and the multiplying gear, a

slow motion was brought to bear, a

weight was gradually applied to the wire

until it broke. The piece of wire tested

weighed 400 lbs. to the mile, and it was
known as 1^ by the centimeter gauge.

(The wire was then tested for tensile

strength.) The wire, it would be seen,

had broken at 1,160 lbs., the specified

breaking strain being 1,080. It was also

necessary to record the stretch, which
was sometimes done at the same time ;

but it was better to do it independently.
The second machine exhibited, clamped,
a length of ten inches. (The wire was
here tested for stretch.) The wire, it

would be seen, had given way after

stretching 15 to 16 per cent. Another
test was the torsion test—a test for tor-

sive capacity. It was not desired that

the wire should resist torsion, but should
bear torsion. By making an ink mark
along the top, and by twisting the wire
in the other machine until it broke, a se-

ries of spirals was formed, and the num-
ber of the spirals indicated the torsive

capacity. All wires were specified to

show a certain number of twists. The
wire experimented upon was taken from
a coil of No. 1\, and all the pieces had
been cut off the same length. He would
next experiment upon copper wire No. 14.

Meanwhile he would refer to the enor-

mous advantage which copper wire would
give for overhead purposes. There was
then going on what he had characterized

as a meaningless crusade against over-

head wires. Vestries and other small

corporations in outlying districts were
endeavoring to force the Government to

put the wires underground, and the news-
papers were bringing forward the fact

that even in Germany and France the
wires were so placed. It was not suffi-

ciently known that Germany and France-

were only doing what had been done in

England a quarter of a century ago. The
wires were then placed underground

;

all the main wires in the country be-

tween London, Bii'mingham, Liverpool,

Manchester, Leeds, and all the wires to

the cables on the south coast, were uader-
ground; but after sufficient experience

of their use it was found necessary to

take them up again ; and he should not

be in the least degree surprised to find

the same result taking place, sooner or

later, in Germany and France. It had
been found that wires overhead had
many times the efficiency of wires under-

ground, and it was absurd to try and
force electiicians to do an act that was
commercially wrong and practically fool-

ish, for the imaginary reason that over-

head wires were supposed to be danger-

ous. Statistics showed that in the United
Kingdom there were 18,000 persons
killed by accident every year. The aver-

age for the last thirty years— during the

period of telegraphs—was about 12,000
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per annum. In that period about 400,-

000 persons bad been killed by accident,

and of that number two only had been
killed by telegraph wires. One of those

accidents was owing to the foolish prac-

tice he had lately seen suggested, even in

the Times, of having the wire tied to the

railing of an area. If, in that case, the

wire had been allowed to hang free, it

could not have produced any injury.

With the light, fine copper wires at pres-

ent used, it was scarcely possible to con-

ceive that if they did break they could
produce any harm. Why, then, should
legislation be enacted for such a minimum
of accident as was shown by the statis-

tics to which he had referred ? He
granted that the wires were very ugly,

and no one going through Moorgate
Street or Leadenhall Street could help
being vexed to see the metropolis so

much disfigured. That, however, was
not because the wires were overhead, but
simply because they were carried in a

higgledy-piggledy, spider-web fashion, in

any direction, without method or system.
If the corporations wanted to do good it

should not be by trying to force the au-

thorities to place the wires needlessly

underground, but by trying to exercise

some control over those who erected
wires overground. It had been thought,
from the remarks he had made about
the gauge, that he expressed disapproval
of the gauge recently introduced by the
Board of Trade ; that, however, was not
his object. The gauge was a very good
one. It had been accepted by nearly
everybody ; it had been authorized, and
it would do a certain amount of good.
But what the Post Office objected to was
that there should be so many changes.
When it was found that a wire which had
been known by their men as No. 8, was
called at another time No. 7£, and at

another No. 7f, they decided, in order
to avoid confvision, to abandon the gauge
altogether, and simply to speak of the
wire as of so much weight per mile. That
method had been introduced into India
with great success. He had stated that
the great improvements in the manufac-
ture of iron were due to the care be-
stowed upon the specifications of the au-
thorities at the Post Office. He ought
to add that the improvement was also

due to the great care taken by the India
authorities in improving the specifica-
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tion. (The copper wire was here test-

ed.) It would be seen that the piece of

wire experimented on had stretched 0.15

in 10.2 inches, or nearly 2 percent. The
other piece of wire was eighty-one thou-
sandths of an inch in diameter, and it

ought, by specification, to break at 320
lbs., which would be 27 tons on the

square inch. It actually broke at 362
lbs., or 31 tons on a square inch.

Sir Frederick Abel, C. B., Honorary
Member, said that his remarks should be
mainly with the view of eliciting further

information, and, if possible, of adding a

few supplementary facts with reference

to certain points dealt with in the paper.

Reference had been made to the remark-
ably useful work done by the late Br.

Matthiessen, as far back as 1860, in re-

gard to the influence exerted by different

commercial impurities in copper upon its

conductivity or electrical resistance. The
author had correctly stated that those re-

searches had not only greatly instructed

them with reference to their knowledge
of copper as an electric conductor, but
had also led, in a very important degree,

to improvements in the treatment of cop-

per, with special reference to the produc-
tion of electrical conductors. It was
stated in the paper that Br. Matthiessen
had determined the electrical resistance

of pure copper ; but he was not quite

sure whether, in the present day—twenty-

four years after the experiments—what-
ever reliance might be placed on the re-

sults obtained, the measurements given

could be accepted as truly representing

what the resistance of perfectly pure
copper should be. Electricians had ac-

quired a considerable amount of addi-

tional information, and they were on the

way to acquire still more in regard to

the influence of very minute proportions

of impurities upon the electrical conduc-
tive powers and other physical properties

of metals ; and no one could teach them
more in that direction than Professor

Hughes, who had recently been pursuing
some very remarkable researches. There-
fore, although they still accepted with
great confidence the results of Br. Matth-
iessen, they might probably learn yet

more with regard to the conductivity of

really pure copper. In reference to the

manufacture of copper wire, the author
had mentioned that soft copper always
gave a higher conductivity than hard-
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drawn copper, its tensile strength being,

of course, considerably lower. On that

point he would ask the author to furnish

additional data. In some experiments
that he had made, which, though few,

had been carefully conducted, he had
found that the conductivity of a particu-

lar sample of copper varied but little,

whether it is in the hard-drawn or in the

annealed state. Dr. Matthiessen had
mentioned that it varied about 2 per
cent., but in some recent experiments
Sir F. Abel had found that there was no
practical difference between the conduc-
tivity of certain samples of copper, con-

taining but a sruall proportion of chemi-
cal impurity, when this was in the hard-

drawn or the annealed condition. In
one experiment, with a length of 15 feet

6 inches of copper, he had obtained
0.0257 ohm resistance with the hard-
drawn, and 0.02515 with the annealed.
The very slight variations might almost
be variations due to experimental error,

even though when multiplied upon a stat-

ute mile the difference was more appre-
ciable. Taking the numbers upon a mile
of wire they would represent, in the case
of the hard-drawn wire, 8.707 ohms, and
in the case of the annealed wire 8. 520 ohms,
showing even thus only a very small dif-

ference. He might be allowed to allude

in passing to what the author had said

in reference to what appeared to be the
influence of currents upon the durability

of a conductor. Electricians had still

much to learn in that direction. Many
persons believed that important altera-

tions in the physical structure of copper
> and of metals generally, were effected by
the continuous or intermittent passage
of currents through them. He thought,
with the author, that further information
was necessary on that point. One thing
was worthy of notice, namely, the influ-

ence of small quantities of impurities
which would be detrimental to copper as

a conductor, when contained in the in-

dia-rubber or other materials used as di-

electric coatings. Minute quantities of

sulphur, for example, in india-rubber,

would find their way into copper wire
coated with it, and exert a detrimental
effect on the metal as a conductor. It

was that which led Mr. Hooper to devise
the very pretty method—which, however,
was only partially successful—of keeping-

vulcanized india-rubber from direct con-

tact with copper wire coated with it, by
introducing india-rubber between the vul-

canized rubber and the copper itself. As
to the question of purity of copper, the

author had referred to the very great ad-
vantage which had been conferred by
improvements in the metallurgical treat-

ment of copper upon the product, so far

as electric conductivity was concerned.
He had mentioned the " best selected

"

copper as the material which gave the

best forms for wire which could be ob-

tained until certain high qualities of cop-

per were brought from Australia, Lake
Superior, and other places. The quality

of " best selected'' copper, however, was
very uncertain, because it was obtained
by a somewhat rule of the thumb method,
and it frequently contained proportions
of impurities, detrimental to the conduc-
tivity of copper, fully as great as those
which had been introduced hi the pro-

duction of some more recent wires, such
as phosphor-bronze. One of the most
important impurities in " best selected

copper " was arsenic, and arsenic and
phosphorus were about equal in their

detrimental effect on the conductivity of

copper. He should like some additional

information with reference to the state-

ment that electro-deposited copper had
not the same mechanical strength as

ordinary refined copper. He hardly

thought that the author meant to refer

simply to copper in the condition in

which it was deposited. Electricians

would not attempt to make wires by de-

positing copper in that form, and he did

not see why copper obtained by electro-

lysis should not be as strong as copper
obtained by other methods, because by
re-fusing copper in a reducing atmos-
phere, and then converting it into bar

and rolling and drawing it in the ordi-

nary way, it was subject to the same
mechanical treatment, and was obtained

in the same physical condition, so that,

whether it had been originally reduced
by electrolysis, or by chemical means,
there could be no difference, as far as he
could see, in the strength of a wire of a

given purity.

With regard to galvanized wires, the

author had pointed out that the durabil-

ity of iron wire was maintained by gal-

vanizing ; and having described the

method of treatment, he afterwards

stated that the zinc with which the wire
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was coated became oxidized when ex-

posed to the air, and that, since zinc ox-

ide was insoluble in water, the wire was
protected by an impervious coat. There,

as a chemist, he must join issue with the

author, though the point was not a very
important one. The truth was that

oxide of zinc was by no means insoluble,

but was actually soluble in soft water,

like rain water, to such an extent, that

galvanized iron could not be used with
advantage as a material for the construc-

tion of tanks or conduit pipes where soft

water existed, on account of zinc passing
into solution in so considerable a pro-

portion as to exercise an injurious medi-
cinal effect upon the constitution. He
thought that when galvanized iron wire
was exposed to the air it became coated
with a hard film of oxide, such as was
formed when a sheet of lead, which was
also an oxidizable material, was exposed
to atmospheric influences. That hard
film protected the metallic coating, and
prevented further oxidation ; so that the
zinc itself was protected by the super-
ficial coat of oxide, which was only very
slowly removed by water, the zinc itself

remaining as a protective to the metal

ance was produced, which presented at

first sight important advantages as a

conductor; so important indeed did they
appear to be that the Royal Engineer
authorities, finding the material when
first tested to present such great ad-

vantages over ordinary iron, and even
over copper wires in many respects, in-

troduced it into the service in some re-

cent campaigns. It was used in the

Ashantee and Abyssinian wars, and after-

wards in South Africa, and some was
even sent to Egypt, though he believed

it had been returned thence in the same
condition in which it was sent out. The
objections advanced against it even as

recently as 1881, related simply to its

being rather springy, and somewhat dif-

ficult to bend, but on the other hand it

was found free from the liability to kink,

so that the one defect was counterbal-

anced by the other advantage. But after

the material had been in store a few
years, and issued again for a special trial

at Aldershot, it was found that when at-

tempts were made to put up a line upon
which some strain was brought to bear,

the wire broke in many points ; indeed it

broke down utterly, and this was due to

until the atmosphere plus water found i the effect pointed out by the author,

out some minute imperfection in the
coating, and then, as soon as the smallest
portion of the iron surface was exposed,
the action established between the zinc

and the iron led to rapid corrosion. That
was why, even in the absence of the acid
vapors to which the author referred as

destructive to the metal in towns, gal-

vanized iron, not only in the form of

!

wires but applied to other purposes, was
uncertain in regard to stability ; and
there could be no doubt that galvanized
iron, though it had been very useful, was
on that account a comparatively unreli-

able material.

He would next refer to an interesting
form of conductor, of which those who
had to construct military telegraph lines

on active service had nad considerable
experience, namely, the so-called com-
pound wire produced by coating steel

wire with a coj)per sheath, which was
soldered to the surface by drawing the
steel wire through a bath of tin which
acted as a cementing or soldering ma-
terial. In that way, as the author had
pointed out, a comparatively light and
very strong wire of not very high resist-

namely, that there existed here and there

minute imperfections in the building up
of the wire, which, admitting the access

of water and air, had established a cor-

rosion of the steel wire and brought
about the destruction of the material

which at first sight presented such im-

portant advantages. There was one other

disadvantage, namely, that when the wire

had been roughly used there was a tend-

ency of the outer sheath to peel off and
injure the hands of operators handling

it, and to be objectionable in many ways.

It was for those reasons that the wire,

which had been somewhat extensively

used in the service, had been discarded.

The last class of wires to which Mr.

Preece had referred were the bronze
wires, the first of which was the so-called

phosphor-bronze. Anyone first applying

phosphor-bronze, correctly so called, to

the production of a good conductor
would be considered very short-sighted,

for phosphorus was one of the elementary

bodies about the most detrimental to the

conductivity of copper tiat could pos-

sibly be used, ranking equal with arsenic

in this respect. In some of the early
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phosphor-bronze wires which he examined,
having a resistance of about 49 or 50

ohms to the mile, there existed 0.22 and
0.18 per cent, of phosphorus. But, as

the term " bronze " implied, there was al-

ways in those wires a certain proportion,

but only a very small proportion, of tin.

After referring to these new kinds of

wires as alloys and as bronzes, the author

stated that phosphor and silicium-bronze

were so called, not so much because

those materials were mixed with the

copper, but because they were used
in the preparation of the alloy, and
there was no doubt that to a consid-

erable extent that was the case. Phos-
phorus was undoubtedly a powerful de-

oxidizing agent ; and as oxygen was one
of the important enemies to the conduc-
tivity of copper, the introduction of

phosphorus by removing the oxygen
would increase the conductivity of the

metal or of its alloy with tin. But it

was almost impossible to produce a wire
from a metal treated with phosphorus,
without leaving some traces of phosphorus
in the material; hence one could quite

understand how so-called phosphor-
bronze, though superior in point of

strength to copper itself, was inferior in

regard to conductivity, and was found to

be very variable, because it would be ex-

ceedingly difficult to produce phosphor-
ized bronze or phosphorized copper at

different times containing precisely or

approximately the same proportion of

phosphorus. The latest form of bronze
wire, and the one to which the author
had directed special attention, was the
silicium-bronze, to which Sir. F. Abel's at-

tention had also been directed when
visiting the electric exhibition at Vienna.
He there saw the very thin wires now
used for telephonic purposes. He had
made some experiments with two samples
of silicium-bronze wire brought from
Vienna, and the results confirmed the
statement of the author that the term
silicium-bronze did not at all correctly

represent the composition of the mate-
rial ; in point of fact it was not to be as-

sumed that it need contain any silicium

at all. In one wire which he examined
the amount of silicium was 0.005 per
cent., and in another there was not a
trace of silicium. It should be observed
that in the presence of tin, the propor-
tion of silicium was very liable to be

over-estimated, unless special precaution-

ary measures were taken. The first wire

was the coarser one used for telegraphic

purposes, and it contained 97.75 per
cent, of copper, and nearly 0.25 per
cent, of tin. The finer wire . contained a

considerably larger proportion of tin,

namely, 3 per cent., and although it was
examined with great care, there was no
evidence of the existence of silicium at

all.

Those wires certainly possessed all

the properties in regard to strength and
powers of elongation and conductivity

which were claimed for them; but al-

though it was probable and perhaps cer-

tain in the case of one of them that sili-

cium might have been in some way con-

cerned in its production, there was no-

positive evidence that it derived any
valuable quality from the employment of

that material, unless it were that, by some
special treatment, silicium became in the

first instance alloyed with the copper,

and by its own subsequent oxidation ab-

stracted the oxygen contained in the

alloy, thus removing an antagonist to

the conductivity of the material. At any
rate it would appear that the electrical

qualities and the strength of the wires

were chiefly due to the strength of the

tin alloy used, and to the metal being*

employed in a hard-drawn condition.

Both the wires were hard drawn when he
received them. The tenacity of the

coarser wire was from 300 lbs. to 325
lbs ; its diameter was 2 millimeters, and
its weight 100.5 lbs. per mile. After an-

nealing, its tenacity was 190 to 200 lbs. ;.

the finer wire had at first a tenacity of

from 170 to 180 lbs., and when annealed,

from 95 to 100 lbs. Although it was
possible that silicium might have had.

something to do with their production,

so minute a quantity as was detected by
analysis in the one instance might have
been purely accidental. It was possible

that the chief merit of the process for

producing the so-called silicium-bronze

lay in the production of a wire consisting

almost entirely of pure copper in a hard-

drawn condition, but with a small pro-

portion of tin, giving it increased,

strength. There could be no doubt that

pure copper in the hard-drawn condition,,

with the addition of a small quantity of

tin, was a very valuable conductor, and
apparently the strongest conductor of
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this class with which electricians were at

present acquainted.

Professor D. E. Hughes perfectly

agreed with Sir Frederick Abel with re-

gard to the use of copper as a standard.

His experiments on the molecular con-

ductivity of copper neglected everything

as to its chemical composition or its

.form, and simply regarded the structure

of the material. He had a piece of pure
copper given him by Prof. Chandler
Poberts which he took as a standard, and
the conductivity of some of the copper
deposited electrically with a Daniell cell

was 225, or more than double the stand-

ard of the Mint. That value did not
perhaps represent the conductivity exact-

ly, but he would say 50 per cent, higher
value. It was found that if melted, it

fell 50 per cent., and if re-melted it fell

again. Whatever was done to change its

molecular structure the' conductivity fell.

He therefore maintained that electricity-

deposited copper was the very best
form. If a wire could be actually de-

posited by electricity, it would be in

the best form to conduct electricity.

Put that was not done. It was torn, and
pulled, and twisted, and was no longer
copper as it ought to be, but some
changed conductor. The capabilities of

any material in its pure state, and there-

fore the real standard, were not known.
It could not, therefore, be said that the
standard of copper was 100. Some ex-

periments had been made by Professor
Chandler Roberts and himself on bronze
and tin alloy, and it was found that in

gradually making the alloys there was a
certain point at which a complete and
sudden rise in value took place. He
wished to ask the author a question with
reference to conductivity. At present,
in experimenting for conductivity, they
used a Wheatstone bridge, and took the
measure of the electricity after it had
been flowing for a minute, or three or
four or five minutes, till it had arrived at

a stable condition. There was a period
for telegraphic purposes which had been
called in France the period variable, which
was not measured, but which was very
important for telegraphic instruments
when making, say, one thousand contacts
per second. There was a great difference

between the results with the period vari-
able and the period stable. If the Author
in measuring his wires would use a rapid

interrupter, with a Wheatstone bridge
having contacts two or three thousand
times in a second, he would get some very
valuable information of the kind that he
required. He did not want to know
what it would conduct five minutes after

the battery was put on, but what it

would conduct during the first portion of

the contact. He did not agree with the

Author in regard to overhead wires. As
an old telegraphic engineer he remem-
bered that the wires were constantly

broken. Put why did that occur? The
Author had himself shown that the zinc

became oxidized, and that, that particu-

larly occurred in smoky atmospheres. Per-

haps he thought that London was not

very smoky, and therefore was free from
danger. It was stated in the Paper that

there was danger, not to the inhabitants,

but to the life of the wire itself, and for

that reason an effort had been made to

get compounds of wire, copper and steel,

which gave great promise. It was thought
to be an excellent wire at first, but after

four or five years its defects were discov-

ered. Indeed the history of telegraph

engineering as a whole had been to the

present time a history of success ; but it

had also its history of failures leading on,

like the Atlantic cable, to a greater suc-

cess. Electricians commenced with bad
conductors and bad insulators, and then
they gradually improved them ; but they

had not yet attained perfection. The
Author now thought that the silicon wire

was absolute perfection, and it had the ap-

pearance of it; but perhaps in four or five

years his opinion might be changed. At
present he had no hope for overhead wires

except in that form. He had stated that

only two persons out of four .hundred
thousand killed by accident in thirty years

had died from injuries received from over-

head wires. The wires, however, had not
been up during the whole of that time,

having increased very rapidly of late years.

Put the danger from the wires was not at

the beginning, it was when they were get-

ting old and shaky ; and at such time he
confessed he would rather be out of Lon-
don than in it. It was true that, thirty

years ago, Germany, as well as England,
had tried underground wires, failure being

the result ; but this was in the early pe-

riod of telegraphy, and siifficient care was
not taken in the manufacture of the cables.

Since then, owing to the rapid extension
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of submarine telegraphy, great experience

had been gained, so that the insulation of

an underground wire was far better than

that of aerial lines. The German Gov-
ernment, after a series of exhaustive ex-

periments, decided upon the trial of a

direct underground line from Berlin to

Cologne, the success of which had led to

a rapid extension in all directions, there

being already some 15,000 miles of under-
ground wires. At first their electricians

had some difficulty in working these lines

at high speed ; but in a very short time,

by the adoption of the necessary electri-

cal conditions of contacts, reversed cur-

rents, and polarized relays, they had been
enabled to work then high-speed instru-

ments with far more regularity than was
possible with the constantly deranged
aerial wires. After mature consideration,

the French Government had also lately

put their main lines underground, having
some 7,000, miles which would be in-

creased as rapidly as the finances would
allow. In Paris as well as in London the

telephone companies put their wires over-

head ; and when he was at the Paris Con-
gress he said it was a great pity that such
a beautiful city be disgraced by overhead
wires ; that it did not much matter, per-

haps, what was done with London, but
that there ought to be at least one city

free from the evil. All the overhead wires

were afterwards taken down. The tele-

phone people protested and declared that

the telephones would not work, and that

they could not get over the induction.

They were, however, forced to put their

wires underground, and it was now stated

that they were working better than in any
other country. Berlin as well as Paris

had suppressed all aerial lines in the city

;

and as the German and French electri-

cians had vanquished all electrical trou-

bles, he had confidence that the Author
would equally solve the problem for Eng-
land.

Mr. J. Sivewright, C. M. G, thought
there could be no question as to the im-

portance of the subject of the Paper. He
could not speak from the point of view
of a scientific man, or a manufacturer of

telegraph wire, but he could relate his

own experience as a practical man who
had to do with electrical conductors, and
to whom the objections to the present
form of conductor had been forced home
nearly every day during the last seven or

eight years ; and he could from that ex-

perience bring forward facts which would
go far to support the Author's view as to

the extreme desirability of adopting some
other form of electrical conductor in pref-

erence to iron wire, at all events for aerial

lines. He wished to look at the subject

from the point of view of a colonial tele-

graph engineer, because his experience
had been drawn from the colony of South
Africa, with whose telegraph engineering
he had been connected during the period
he had named. One of the main items of

expense in that colony was transport. It

was almost incredible for an Englishman
living in a thickly-populated country, and
with ample means of conveyance at hand,

to appreciate the enormous difficulties in

regard to transport in a new country. It

might be sufficient to say that the Coal
Measures of South Africa were lying prac-

tically dormant, and it was found cheaper
to import coals from Newcastle than to

get them out of the bowels of the earth

100 miles from the sea-coast. Again, tens

and hundreds of thousands of acres of

splendid arable land were lying waste, and
wheat could be imported cheaper from
South Australia or from the Peruvian and
Chili coasts than it could be brought from
the place where the African lands were
lying fallow. The cause of the difficulty

was transport. The same difficulty ap-

plied to the telegraphic engineer in the

constructions of his lines. If a lighter

form of wire were introduced having the

same electrical qualities as the iron wire-

employed at the present day, the trans-

port difficulty would be to some extent

overcome. It was not so much the act-

ual saving in the expense between a coil

of copper and a coil of iron wire of the

same electrical conductivity, although that

was considerable; the great point was.

that the iron wire in telegraph construc-

tion was practically the pivot round which
the other elements, as it were, revolved.

It was what might be called the "inde-

pendent variable," according to the varia-

tions of which all the other materials em-
ployed in telegraph construction would
also vary. A lighter telegraph wire meant
a lighter insulator. Less surface was ex-

posed to the insulator, and consequently

a smaller insulator could be used, because

there was less leakage. And not only
was there less leakage, but in regard to
electrical storms, the difficulties which
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had to be faced were correspondingly di-

minished. A lighter insulator meant a

lighter pole ; in fact all the plant of a

telegraph line would get proportionately
diminished in weight according as the

gauge of wire was reduced, and with a

reduction in weight followed a reduction
in transport, so that a very great saving
was effected. The coils of iron wire
would be easier to handle, and there would
be increased speed in the erection of the
wire, attended with diminished cost. As
to the question of joints, every one con-
cerned in the maintenance of telegraph
lines knew what a bugbear joints were.

Whether the wire was copper or phos-
phor-bronze, or silicium bronze, as long-

as telegraph engineers in the Colonies
got light, hard, durable, non-expansive,
elastic wire, they did not care. They
could get longer coils of it which could
be run out to the extent, probably, of

600, 700, or 800 yards, but they were
obliged to confine themselves to 500
yards (100 lbs. being about the average
weight of the coils) ; not that manufac-
turers could not supply longer coils, but
that length was found most convenient for

handling. If they could dispense with a
large number of telegraph joints, they not
only saved in that way, but the mainten-
ance became a far easier matter. Those
were arguments which, from the colonial

telegraph engineer's point of view, he
brought forward in favor of reducing the
gauge in telegraph wires. One objection
that had been brought against the use of

copper was that being of greater intrinsic

value than iron, it would be more likely

to be stolen. That was a specious argu-
ment at first sight, but Europeans, at

all events, who were inclined to thieve
would turn their attention to something
more portable and valuable, and less

likely to be detected, than the telegraph
wire ; while the aboriginal had a super-
stitious and wholesome dread of the wire,

so that, in times of peace at any rate,

he was hardly likely to meddle with it.

Until within the last two years, the South
African native respected the telegraph
during the war, but that respect had now
gone, and amongst the difficulties of tele-

graph maintenance the possibility of the
wire being cut and taken away had to be
faced. Still he thought that a native, if

he had the option, would prefer iron wire
"during the war to copper, because it could

be more easily turned into slugs or bullets

for his gun. With regard to the effects

of galvanizing, he was not opposed to the

process ; nor would he express any opin-

ion as to its value in countries where the

same climatic conditions existed as in

England. But he might mention that in

South Africa a wire treated as he had
described in a bath of oil was erected at

least fifteen years ago ; it had no galvan-

izing, but although they had had some
splendid specimens erected since, he knew
of no better wire than the one to which
he had referred. He had examined a con-

siderable proportion of its length within

the last twelve months, and he could not
detect any flaw or mechanical fracture.

It was ordinary soft wire, and had stood

well. It was in a dry climate, with com-
paratively little moisture, with no smoke,
and with none of the chemical causes

which would affect ordinary wire. What
had been said by the Author as to the ne-

cessity of rigid inspection almost amount-
ed to a truism, at least he hoped it would
be accepted as such; because there was
probably no branch of science in which
the old proverb was more applicable, " A
stitch in time saves nine," than it was in

regard to the selection of telegraph ma-
terials—not only the wire but all other

requisites. Perhaps it required the ex-

perience of finding, 300 or 400 miles from
the seaboard, insulators open, bolts miss-

ing, porcelain gone, iron bases fractured,

and telegraph wire breaking in the work-
man's hands, to realise the enormous im-

portance attaching to a rigid inspection

of telegraphic materials. There was not
only the value of the wire, but every one
knew that if a workman had good materi-

al he would make a good job, and if he
had bad material he was likely to slur

over it. In his opinion, therefore, any
administration that neglected so vital a

consideration would be guilty of an act

that was not only suicidal but criminal.

Professor A. K. Huntington thought
it might be of interest if he gave a few
figures Avith regard to four specimens of

silicium-bronze wire which he had recent-

ly examined. They consisted practically

of nothing but copper, with the excep-

tion of a small portion of silicon and tin.

In the first coil there was a percentage

of 0.099 of silicon, and 0.079 of tin. In
the second coil the silicon was 0.117. and
the tin 0.0017. In the third coil, silicon
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0.1105, tin 0.014 In the fourth coil, sili-

con, 0.0917, tin 0.099. In the second
and third coils the amount of tin was so

small as to be well within experimental

error, so that he was not prepared to

say whether the coils really contained

tin or not. From the examination of the

specimens there was sufficient evidence

to lead to the supposition that a certain

amount of tin was present, at any rate in

two of them. Whether that tin was
simply an impurity derived from the

ore, or whether it was the residue of tin

which had been introduced during the
manufacture, he was not prepared to say,

as it was impossible to arrive at any con-

clusion on that point from a chemical
examination of the wire. Silicon ap-

peared to be present, and taking into ac-

count the supposed process of manufac-
ture, there is no reason to doubt the ex-

istence of a certain amount of it. He
had mentioned these particulars as bear-

ing out, to some extent, the results given
by Sir Frederick Abel, but with some
differences in regard to the amount of

tin. With reference to the introduction

of silicon, he had succeeded in introduc-

ing large quantities of that material into

copper, and, in some cases, with a very
remarkable effect. As to the influence

of arsenic on the conductivity of copper,
that, of course, was a substance which
was one of the greatest culprits in de-

stroying conductivity. But there was
another which the author had not no-
ticed, namely, bismuth, which he thought
had even still greater effect than arsenic

in reducing the conductivity of copper.
One of the countries to which the author
had referred as supplying pure copper,
Australia, had ores which contained an
appreciable, and, in some cases, a consid-
erable, amount of bismuth; and as the
copper was often sent in ingots, there
was liability to trouble with the material
so obtained; because, although the bis-

muth could be removed without difficulty

in the " best selecting " process, due to

the relative affinities of copper and bis-

muth for sulphur, yet in refining, owing
to the copper having greater affinity for

oxygen than bismuth, it was not practic-

able to remove the bismuth merely by
oxidation, so that if much were present
the quantity could be reduced but slight-

ly. That which was removed, so far as
he could make out, was due to volatiliza-

tion. Now, as the copper received from
Australia had not been subjected to the
" best selecting " process when in a state

of regulus, it followed that it would con-

tain any bismuth originally present in

the ore. He had been told by a very
large manufacturer that some copper
which he had received from Australia,

giving by analysis 99.67 per cent, of cop-
per, gave a very bad conductivity—some-
thing like 30 as against 90 or 100. The
result had been traced to the presence of

bismuth. He had found, on further in-

quiry, that if there was more than 0.05

per cent, of bismuth present in copper
its conductivity was seriously reduced.

Mr. D. Pidgeon said that the author
had mentioned only to condemn the com-
pound conductors which had been made
both in England and America, and he
had condemned equally those of the past

and of the present. He did not rise to

gainsay this, but simply to bring before

the members some examples of the com-
pound conductors now being made in

America, and to say a few words with re-

gard to the method of plating in use
there. He had had an opportunity dur-

ing the last spring of passing through
the manufactory belonging to the Postal
Telegraph Company of New York, at

Ansonia, in Connecticut, a concern which
was making the same wire as that al-

ready laid between New York and Chi-

cago. The works were originally erected

by Messrs. Wallace and Farmer, of An-
sonia, the well-known electricians, for the

purpose of carrying out ideas which orig-

inated with Mr. Farmer, but they had
passed into the hands of the Postal Tele-

graph Company rather more than a year

ago. The works occupied a space of 250
feet square, and there were in the build-

ing two hundred and fifty plating vats,

which were supplied with current by
twenty-three dynamos, driven by two en-

gines, each of 300 H. P. It would give

some idea of the amount of current sup-

plied to the vats if he stated that he saw
a carbon T̂ . inch in diameter and 10
inches long deflagrated in the course of

a few seconds by a shunt so small that

its abstraction from the general current

could not be noted in the results of the

plating. The plating vats were wooden
troughs 20 feet long and 2 feet 6 inches

either way. Over each plating trough
there lay longitudinally a horizontal cop-
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per shaft about 3 inches in diameter,

from which there hung-, like rings from a

stick, the coils of wire which were to be
plated—as many of them as could be
accommodated in the tank, the spires be-

ing separated by slips of plate glass, so

as to prevent their contact. The balance
of the coils hung outside the tank over
the end of the shaft. Upon rotation, the
coil of wire was screwed slowly through
the electrolytic bath, and, after plating,

hung again from the spindle, as the un-
plated wire did at the other end. This
operation was repeated three times, the
result being that 4,000 lbs. of copper
were deposited daily upon 8 miles of wire.

He held in his hand a piece of the com-
pound conductor which had been thus
three times screwed through the electro-

lytic bath. It was 0.214 inch in diam-
eter, had a resistance of If ohm per
mile, and a tensile strength af 2,700 lbs.,

•of which the steel contributed 1,700 lbs.,

and the copper 1,000 lbs. This wire was
the same as that through which tele-

phonic speech was readily heard between
Chicago and New York, as readily (as he
had been informed by a gentleman who
listened to it) as if the length had been
no greater than that of a room. It was
also the wire upon which te*n simultane-
ous messages had been sent—five each
way—by means of the well-known Gray
barmonic arrangement. It might be
said that the wire was very expensive, if

only 8 miles a clay could be produced by
the expenditure of such a force as he had
mentioned. But the process did not stop
at that point. It had been found that
the cohesion between the central steel

core and the copper envelope was so
great that it might be passed through the
ordinary wire-drawing apparatus, and the
core and the envelope would be reduced
together. He exhibited a wire which had
been produced from the one he had al-

ready shown. This was 12-wire gauge,
outside diameter, while the steel core was
18 inch Birmingham wire gauge, and on
examination it would be found that the
steel core was perfectly central, with the
copper surrounding it equally on all

sides. Here, then, was a wire the exact
equivalent, electrically speaking, of No.
4 iron wire, the largest now used in tel-

egraphy. It could be produced at the
rate of 32 miles a day, and the cost,

therefore, was one quarter that of the

other. If that conductor came into use

it would be, in the first place, because its

cost was so much diminished by the fact

that it could be wire drawn, and in the

second place, because the wire drawing
gave to both wires a considerable increase

in their tensional strength, and at the

same time secured the conductor against

the action of those atmospheric influences

which the author had mentioned in his

complaint of previous compound wires.

This wire, although a compound one, was
as capable of withstanding the attacks of

the atmosphere as that of any wire drawn
from homogeneous metal. He had a

specimen of the joint which was employed
in the wire extending between Chicago
and New York. It was a copper ferule

slightly flattened, and tinned by immer-
sion. Into it had been thrust the ends
of two wires, and the whole then dipped
in a bath. Economically, the wire which
he exhibited was the best which the

Postal Telegraph Company had yet pro-

duced ; but he was inclined to doubt
whether, even taking into consideration

the fact that plated wires could be four

or six times increased in length, they

could compete with the homogeneous
wires of which the author had shown such

extraordinary examples.

Professor Chandler Roberts thought
there could be no question that pure cop-

per was the best material to employ, be-

cause it was well known that a very

small quantity of alloying metal caused

the curve of conductivity of copper to

fall rapidly ; and it appeared to him that

any increase of tenacity that might at-

tend the union of copper with any other

metal, not excepting silver, was dearly

bought by the sacrifice . of conductivity

resulting from alloying the copper, and,

as the electrician must have copper as

pure as he could get it, any improvement
in metallurgical processes for the extrac-

tion of copper from its ore assumed con-

siderable importance. There were some
facts connected with the electro-deposi-

tion of copper which had not beeu promi-

nently noted in the discussion. He did

not think that the scale on which the

copper was now deposited electrolytieally

was quite appreciated. There were two
works on the Continent which produced
annually at least 500 tons of copper, and
there were two works in this country

that were being fitted with dvnamo ma-
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chines that would enable them to deposit

copper at the rate of about 60 tons per week.
He did not think it was quite understood
that nearly pure copper could be thus
obtained from very unsatisfactory ma-
terials. To take an extreme case, there

were before him some specimens contain-

ing several per cent, of arsenic, and yet,

by solution and precipitation, an excellent

variety of copper had been obtained from
similar specimens. The author seemed
to fear that electro-deposited copper did

not possess the same tenacity as ordinary

copper ; but statements had recently

been made in the continental scientific

joui'nals, especially by Austrian authori-

ties, showing that electro-deposited cop-

per possessed a very high ductility and
considerable tenacity. At any rate, the

copper was free from metallic impurities,

so that even if it had to be melted the

metallurgist had only to contend with
the question of dissolved cuprous oxide,

which, after all, was a very small matter,

because it could be so easily dealt with.

Copper was now electrolytically precipi-

tated in bars, rolled directly into rods,

and drawn into wire, which found a ready
sale at remunerative prices ; and it must
be remembered that' against the extra

cost of the solution and precipitation of

the copper by electricity there was 'a
handsome set-off, in the shape of the

precious metals recovered from the crude
metal. He thought, therefore, that the

question might be safely left to metal-

lurgists, who would have no difficulty in

supplying the electrician with pure cop-
per at a remunerative rate. The author
had asked him to say a few words about
the deposit of iron by electrolysis. It

was well known that the late Professor
Jacobi and Dr. Klein, of St. Petersburg,
had taught how to deposit iron of great

purity, and with considerable facility.

That iron, he was sure, would not com-
pete for electrical purposes with the ex-

traordinary soft and pure varieties of iron

which could now be produced by ordin-

ary metallurgical means. The author
had alluded to the effect produced by
silicon in alloy with copper, and it had
been stated that yf-g- per cent, of sihcon
might be retained by copper. He should
like to mention, because he did not think
it was very clearly understood, that sili-

con had an extraordinary effect on many
of the alloys of copper. The ordinary

alloy of gold and copper containing 90
per cent, of gold fused at about 940°

Centigrade, and, if it contained only -J^

per cent, of silicon, its melting point was
so much reduced that a strip would bend
and fuse in the flame of a candle. Hence
it was that the presence of a minute
quantity of silicon might be of the great-

est importance in modifying the physical

constants of pure copper.

He spoke with very little knowledge of

the ordinary methods of electrical testing,

but he did not think that the extreme
delicacy of the induction-balance of Pro-

fessor Hughes was quite recognized. He
had some specimens of copper, which in

regard to analysis were identical, and yet

when disks of each sample of metal were
treated in precisely the same way, me-
chanically and thermally, they showed a

wide difference when submitted to this

beautiful instrument, which would be a

powerful ally in future, both of the elec-

trician and the metallurgist. The princi-

pal point, however, to which he wished to

direct attention was, that the metallurgist

could supply the electrician with pure
copper at a reasonable cost.

Mr. W. Carson desired to say a few
words with regard to the effect of the

presence of manganese, even in small

percentages in conductors, upon the con-

ductivity of the material. He had ob-

tained two samples of puddled iron, from
each of which he had made a number of

tests. The first sample was from a highly

manganiferous pig, with 6 per cent, of

manganese. The second contained 3 per

cent, of manganese. On being puddled,

made into rods, and drawn into wire, the

highly manganiferous pig produced an
iron containing 98.871 per cent, of metal-

lic iron, and 0.49 per cent, of manganese.
The other sample of iron containing 3

per cent, of manganese gave 98.89 per-

cent of metallic iron in the wire, and only

0.184 of manganese, yet the mile-ohm re-

sistance had risen to 5921.8. Under
those circumstances he hardly thought
that the Author was justified in laying

the whole blame upon the manganese.

He did not think that the manganese had
much to do with the result.

Mr. J. Thewlis Johnson said the Au-
thor had shown the general improvement
in the conductivity of copper wire, and
had intimated that the improvements in

iron wire had been forced on the makers,.
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who had not sufficiently availed them-
selves of the services of the chemist. In
1857 a relative of his, with the late Dr.

Calvert, made a great many chemical ex-

periments on pig iron, especially as to

the changes in pig iron when being con-

verted into wrought iron for wire pur-

poses. The notes were published in the
" Philosophical Magazine," in 1857, but
the pecuniary results had been very small.

Since then some of his friends had, like

himself, taken a great deal of pains in con-

ducting chemical experiments, but as far

as his own results were concerned they
had not been very considerable, and he
had come to the conclusion that no iron

wire could be made giving a less resist-

ance than what was at present obtained.

The difficult}7 of the iron-wire manufac-
turer had been to produce a material

which would yield certain mechanical and
electrical tests. The specifications re-

cently drawn up were a great improve-
ment on those existing twenty years ago,

and the examinations were conducted on
a rigorous and fair system. He thought
it was generally admitted in the trade
that manufacturers all knew what wire
would give certain results, and the exam-
ining officer in making his tests soon
found whether he would be able to pass
the wire or not. When he had made a
few tests he knew pretty well that if the
remainder of the wire was of the same
character it would either be all passed or
all rejected. No one more than the Au-
thor had impressed upon wire manufac-
turers the necessity of endeavoring to

improve the conductivity of iron. In
season and out of season he had urged it

upon them, and the result was that they
were now all producing an iron which
gave, ton for ton, a better average of

conductivity or a less resistance than was
obtained twenty years ago. But he
wished to direct attention to the fact that
while it was perfectly true that the iron
wire used in England had decreased in

resistance from about 15£ ohms in 1873
to lLj in 1883, low resistance wire had
been a regular article of commerce long
previously. He knew that in 1862 some
2,000 miles of wire were sent from Eng-
land to the French Telegraph Adminis-
tration, and it was identically the same
as that now used by the English Post
Office. In the specification of the French
Telegraph Administration in 1862 there

was no stipulation as to the conductivity

of the wire ; but it was stipulated that

the wire should be manufactured in a
particular way, which gave certain hipfh

mechanical tests, and also the conductiv-

ity tests which the Post Office now de-
manded. He could give many other
instances, but he would only mention the
line crossing the continent of Australia,

erected in 1871. It was an unfortunate
thing for the credit of England that the
introduction of the conductivity test in
the specifications, although advocated so

long by the Author, did not first take
place in England, but in America, by the
Western Union Telegraph Company. He
hoped the members would not leave with
the impression that the days of iron wire
as an electrical conductor were numbered.
He had listened with great interest to

the remarks on the process of depositing
copper on steel, and he had been aston-

ished by the statement that during the
process of drawing wire when the copper
was deposited on the steel the diameters
of the steel and the copper were reduced
equally. But for that statement he should
certainly have doubted the fact. He be-

lieved that in practice it would be found
that the deposited copper-coating would
occasionally break in the process of

drawing, and further, that as wire when
drawn down became harder, and had to

be annealed before the process could be
repeated, a difficulty might arise in anneal-
ing a compound wire composed of steel

and copper. The experiments with phos-
phor-bronze wire and compound wire,

according to the Author, had not resulted

satisfactorily, and there were only two
other conductors, both of which were so

expensive that economy compelled them
to be used with a very small diameter.

It was asserted that No. 14 copper wire,

costing £87 a ton, was as efficient a con-

ductor as No. 8 iron wire, costing £20.
and that, mile for mile, it was not more
expensive. That might be so, but he
questioned whether it would be found as

economical in practice. He thought that,

when it was scattered all over the country
a good deal would be stolen. At Vienna
there had been a large exhibit of silieiuni-

bronze, the cost of which he was told was
£162 a ton. It appeared to him that it

would make a very charming toy line. It

was never used till November 1881. when
the first quantity was sent by the French
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manufacturer to the Austrian Telegraph
Administration for an experiment. He
had seen no statistics as to its life. In
India, monkeys often sat on the wires,

and in the Colonies the birds flew against

them, and he did not see, under such cir-

cumstances, how telegraph wires were to

be maintained if they had only the diam-
eter of pins and needles. Whatever con-

ductors were employed, he thought they
ought to have a good substantial diameter

if the lines were to be maintained for any
length of time.

Mr. A. J. Bolton exhibited some sam-
ples to show the process of manufactur-
ing copper wire. The Author had referred

to the rapid strides which had been made
in improving the quality of conductors
for electric currents, but these had also

been greatly improved in form. It was
often a great advantage to the electrical

engineer to have the conductors of great

length, and that object had now been
accomplished. In 1850, when Mr. Charl-

ton J. Wollaston, the electrical engineer
of the experimental cable laid between
Dover and Calais, came to his office with
the order for the copper wire for the core

of the cable, he was imperative that it

should be made in continuous lengths to

weigh about 30 lbs. in each piece. At
that time, the only wire produced in cop-

per of that size weighed about 4 lbs. in

continuous length ; and the foreman who
was sent for to receive instructions, when
he heard what was required, said, "Does
the man think I am a fool? "—so impos-
sible did he consider its production. At
the present time continuous lengths were
commonly made, with copper wire of the
same diameter, weighing 70 or 80 lbs.

The Author had stated that conductors
for cables and electric light mains should
be constructed with the purest copper
producible. That object had been attained,

.and the samples on the table tested over
99 per cent, by Matthiessen's standard.
"With regard to aerial lines there might
be some question. In his own works it

had been found that in attempting to im-
prove the tensile strength by introducing
any foreign substance into the pure cop-
per there was a loss of conductivity. The
14-gauge hardened-copper wire with high
conductivity gave a breaking-strain of 340
lbs., and a resistance of only 8 ohms to
the mile; the weight per mile was 103
lbs., and the cost about £4. A wire, 15

gauge, which had a resistance of lOf
ohms per mile, had a breaking- strain of

255 lbs., and the cost was only 65*.

—

about the same as that of ordinary iron

telegraph wire 0.171 size.

It would be seen from the table of the

Author's experiments with silicious bronze
that the 0.081 wire, with a resistance of

8t ohms per mile, gave only about an
equal breaking strain to that of hardened
copper of the same gauge, and the cost

was about £6 per mile. It appeared,

therefore, that hardened wire of high con-

ductivity answered all the ends, and the

breaking strain was a very good one, 340
lbs. being sufficient for all purposes. The
objection to the introduction of phos-

phorus or other materials was, that re-

sults were never uniform ; but with wire

of high conductivity the results were al-

ways exactly the same. When silicon

was introduced conductivity was wanting.

The Author's next requirement was a low
inductive capacity. That, he believed,

would only apply to cables or insulated

wires placed underground. Next, that

the conductors should expose to wind
and snow the least possible surface. Of
course the lower the resistance the less

the diameter of wire necessary to pass

the same current, and therefore the wire

of high conductivity would seem best to

accomplish that end. The last require-

ment was that the wire should be pi'acti-

cally indestructible. In that respect he

thought that copper had everything in

its favor. He might instance the case of

a wire that had been more than twenty
years over his own works ; it had been
constantly used for the passing of electric

currents, and it had not altered in its

conductivity or in its diameter during

that period. As to coating steel wire

with copper, and then drawing it down to

make a conductor, reducing the diamater

both of the steel and the copper, he too

was much astonished. In his own works
it was a common thing to put a steel

mandrel inside a copper tube, and to

draw the tube down; but the mandrel
always remained the same diameter. He
could hardly understand how the result

that had been stated could be possible.

To get wire of high conductivity it was
essential that the ores, or the copper bars

imported from Chili should contain as

few alloys as possible, as then there was
not much oxidizing required in the refin-
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ing process. The copper was cast in

large bars (of one of which he held in his

hand a section). These were rolled into

long strips like the specimen exhibited,

and then passed through a series of cir-

cular steel cutters, which cut them longi-

tudinally into narrow pieces, each of

which was passed edgeways through
grooved rolls, forming a nearly circular

bar of copper, which was subsequently
drawn down to wire of the required size.

The process was different from the man-
ufacture of iron wire, which was not slit

but rolled down into a thin rod from a

large bar. He also exhibited some speci-

mens of hardened copper wires which
had been subjected to different tensile

strains, showing the diminution that had
taken place in size, but they generally

secured a breaking-strain of 340 lbs.,

which was found to be practically suffi-

cient.

Sir Frederick Bramwell, Vice-Presi-

dent, said it appeared Mr. Bolton, like

Mr. Johnson, was surprised that the two
metals in a steel wire, coated with copper,

when drawn should draw uniformly, and in

support of his doubts had referred to the

fact that, if a steel mandrel were put in-

side a copper tube, there was no elonga-

tion of the mandrel when the two were
drawn together. That was perfectly

true ; but it should be remembered that

in that case there was no metallic attach-

ment of the mandrel to the tube. He
wished to remind the meeting of a cog-

nate instance in rolling— that when lead

and tin were cast together in two thick-

nesses, to make Dobb's metal—it was
formerly alleged that these two metals
would not roll out uniformly ; but, as a

matter of fact, in whatever proportions
they were cast—3 to 1, or 4 to 1 — the

rolled-out sheet showed the same propor-
tion, although the metals were so dis-

similar in their powers of yielding under
the roll.

Mr. James Rock said he should like, as

representing a company which manufac-
tured both phosphor bronze and silicium-

bronze, to say a few words on the subject

under discussion. With reference to the
uniformity of manufacture of alloys of

copper, especially with silicon and phos-
phorus, it was part of the process of his

company to manufacture those metals in

strictly uniform proportions, and he

products as well as Mr. Bolton could for

that of the copper which he had pro-
duced of such excellent quality. The
French manufacturer of silicium-bronze,

who was also the inventor, supplied large

quantities to the French and other Con-
tinental Governments, and he guaranteed
and produced it of certain degrees of

conductivity and tensile strength. So
far from silicium bronze being at present
only a toy, on the Continent it was inter-

fering largely with the use of iron wire
for telegraphs. That was not the case in

England, because the material was com-
paratively new. The analyses of Sir F.
Abel and Professor Huntington confirm-

ed the analyses in his own possession of

similar alloys. There was, however, an
apparent discrepancy with* regard to the

quantity of tin in the specimens. It was
part of the process of manufacture that

the proportions of tin and silicium should
be adapted to the special uses for which
the wire was intended. They according-

ly produced two special kinds of electric

conductors, one of high conductivity for

telegraphs, and one of lower conductivity,

bat much greater strength, for telephones.

The wire for telephones was largely used
in England. It had very great tensile

strength—as great as that referred to by
the Author in connection with the tele-

graph wires for the Mumbles. It had
similar properties to those wires, but a

much higher conductivity ; instead of 20

per cent., it had from 36 to 40 per cent.

The apparent discrepancy between Sir F.
Abel and Professor Huntington was
probably due to their having analyzed
examples of different constitution, one
the telephone wire, and the other the

telegraph wire. It was possible to pro-

duce silicium-bronze of different degrees
of conductivity and of tensile strength.

If electricians and engineers would only

say what amount of strength and con-

ductivity they required, the proportions

could be adjusted accordingly. The
product was a very valuable one. and the

analysis of one specimen should not be
taken as representing silicium.bronze
generally.

Mr. Frederick Smith observed that the
manufacturers of iron wire had not failed

to make use of the services of chemists
in endeavoring to improve that material.

It should be borne in mind that the^

could answer for the uniformity of the I manufacturers of copper had a very dif-
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ferent material to deal with at the out-

set, and the same advance therefore

ought hardly to be expected from iron-

wire manufacturers. Great progress,

however, had been made, and he thought
that the resources of civilization were
not yet exhausted even in the improve-
ment of iron or steel wire. He had been
testing some samples of an English made
steel wire, which gave as high a degree

of conductivity as those of any Swedish
charcoal iron he had tested, together with

a much greater breaking-strain, and a

higher degree of torsion. The six sam-
ples yielded the following results : Diam-
eter 209, resistance, 8.13 ohms; diameter

208, resistance, 8.79 ohms; diameter 208,

resistance, 7.98 ohms; diameter 209, re-

sistance, 7.23 ohms ; diameter 209, re-

sistance, 7.74 ohms ; diameter 209, re-

sistance, 7.98 ohms. The samples were
all tested in the bright hard state pre-

vious to galvanizing. After galvanizing,

the improvement would be about 0.3

ohm per mile in each case. That was
j>ractically a new material. All who had
worked for the specification for which the

wire was used would know that a prac-

tically new material had to be made in

order to meet the requirements. Instead

of taking a material that already pos
sessed a high degree of conductivity, the

manufacturers had to take a material

that gave a very great degree of resist-

ance, and to bring it up to a high degree

of conductivity ; and they could only do
that by making use of the services of

chemists. With reference to the adop-

tion of copper and phosphor-bronze or

silicium-bronze, it should be borne in

mind that a telegraph wire had a double
function to perform. If it was simply a

conductor and had only to carry the cur-

rent, the wire with the highest degree of

conductivity would undoubtedly he the

best to employ ; but the wire had not
only to carry the current, it had to carry

itself ; it bad to be out in all weathers,

over very long distances, through all

kinds of country, and it had to encounter

all kinds of risks. It was necessary,

therefore, that it should have a certain

amount of bulk. Much had been said

about wires breaking down, but if wire

was used of the kind that had been so

highly praised, he thought the number of

breakages in all parts of the country

would be greatly increased. He had re-

cently tested a sample of hard-drawn
copper wire, and had found that the

mechanical properties were inferior ; it

would not stand wrapping and unwrap-
ping round its own diameter without
breaking. That was a test which all hard
wires ought to stand. The material

bore only about ^ per cent, elongation,

which an inspector would put down as

nil, after allowing for the fracture itself.

The breaking strain also was very slight,

and it would only allow fourteen twists

in 6 inches. The size of wire that he
tested was 0.81, about No. 14 W. G.,

which was about one-quarter of the
weight of iron wire of the same conduc-
tivity. Instead, therefore, of being only

four times the cost, as might be expected,

it was eight times the cost, consequently
the cost of the line made of copper
would be twice that of a line made of

iron wire, so far as the wire was con-

cerned. It was also exposed to great

risk from the slightest motion of the

posts, and any substance thrown against

it caused it to break immediately. In hot
countries, where perhaps the wire would
be most used in consequence of the

great cost of transport, the results of

changes in temperature might be very
serious. The sun was very hot by day,

and the nights were often cold, and the

wire would not possess sufficient ductil-

ity to stand such changes in temperature,

which might cause it to snap. Mr.
Johnson appeared to think that in the

manufacture of compound wire, the steel

would not be reduced at the same time

as the copper or to the same extent. He
might be permitted to remind him that

it was the custom amongst wire-drawers

to draw wire coated with tin, and both
were reduced at the same time without
the tin being removed by contact with

the draw-plate. If so soft a metal as tin

could be so treated he thought that cop-

per would bear the same kind of treat-

ment.
Mr. J. H. Greener had been connected

with telegraph works for nearly forty

years, and most of his time had been
spent in erecting lines and supervising

stores for different administrations.

Meanwhile great improvements had been
made on all sides. He was glad of the

opportunity of speaking of iron wire be-

fore it became a thing of the past, which
seemed to be the hope of the manufac-
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turers of copper and bronze. Twenty
years ago iron wire weighing 600 lbs. to

the mile would not bear the strain of

1,000 lbs. without breaking. In the

present day, with the same wire a break-

ing strain of 2,000 lbs. could easily be
obtained. The Post Office specification

required a wire of very fine material, al-

most pure iron, because, working as they

did duplex and quadruplex, the authori-

ties wanted high conductivity. The
specification for tbe India Office re-

quired for a wire of the same size 350
lbs. more breaking strain. The extra

breaking strain had been a great bugbear
to the wire manufacturers. They could

easily give the 350 lbs. additional break-

ing strain, and also the capability of sus-

taining fifteen twists in a length of 6

inches, but when the conductivity test

was also applied they had a very difficult

task to perform. It had been accom-
plished, but to effect this the aid of the

chemist had to be called in, because the

wire manufacturers found that it would
not pay to go on with the rule of thumb
methods previously in use. He had with

him some tests of the wire made by dif-

1

ferent firms during the past year. In the

wire made by No. 1 firm, the average

breaking strain was 2,196 lbs. ; No 2,

2,123 lbs ; No. 3, 2,150 lbs. ; No. 4, 2,195

lbs. This uniformity was astonishing.

Those results had not been achieved

without a great deal of hard work,

worry, and anxiety on the part of the

manufacturers, who, in carrying out the

specifications, had always been willing to

render every possible assistance. No
doubt they had often thought him a

great nuisance, but they had certainly

helped him in every possible way.

Mr. Killingworth Hedges desired to

say a few words on the effect of powerful
lighting currents through a copper con-

ductor. It was most important that en-

gineers who had to do with electric

lighting, and local authorities who pro-

posed to purchase expensive copper
cables and lay them down to distribute

electricity in their districts, should be
certain that the passage of a powerful
current had no effect on the conductivity^

of the wire. He had noticed, as men-
tioned by the Author, that wires taken
from dynamo machines, especially those
which had an alternating current passing
through them, became brittle. He had

thought it might be interesting to ascer-

tain whether there was any change in an
ordinary commercial cable which had
been carrying a current of electricity for

some time, and he had for this purpose
tested a cable through which a current

had been flowing for nine months, say
about sixteen hundred working hours.

The electromotive force was 1,000 volts,

the size of the cable 7 strands. No. 16

B. W. G., and the current 10 amperes. He
tested the resistance carefully, and com-
pared it with that of a cable of similar

design which had never been used, and
he could find no difference. He then
had the fracture examined microscopical-

ly, and he could detect no signs of brit-

tleness. The cable had only been working
a comparatively short time, and the cur-

rent therefore was very small in propor-
tion to the area, about one-fourth of what
the maximum current might have been
as allowed by the Board of Trade, 2,000
amperes per square inch of section. If a

larger current had been used there

would probably have been some heating,

as Dr. Matthiessen, in his contribution to

the Royal Society,* had shown that if

heating took place in a copper cable of a

certain degree of impurity, there was an
alteration in its conductivity, and he had
quoted the case of a very impure piece of

copper, which increased in resistance

0.064 per cent., after being heated to 100°

Centigrade for three days. Dr. Matth-
iessen's experiments only went as high
as 100° Centigrade, but Mr. Hedges
thought he would go as high as he could
in heating various wires of pure metals
and alloys by a current of a secondary
battery, and the results were stated in

the annexed table.

The first column showed the material

used; the second, the resistance before
heating ; the third, the decrease of resist-

ance after heating; and the fourth, the
approximate temperature as nearly as it

could be obtained. The experiments
tended to show that the pure metals un-
derwent no change in resistance after

being heated twenty-four hours : but
those containing some commercial im-

purity decreased in their resistance and
increased in conductivity. The decrease

was very small and was most noticeable in

No. 3, the tin alloy, to which he desired to

* Phil. Trans. 1864, vol. 154. p. 167.
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Materials.

No. 1. Tin wire.

.

No. 2. Lead

No. 3. Tin alloy .

No. 4. Copper . .

.

No. 5. Tin-foil...

No. 6. Albo alloy

Before
Heating.

0.815

0.835

0.870
0.810
0.860
0.885

Resistance.

Decrease after

24 Hours.

0.003
0.005 >

in 3 hours j

0.005
No change

Temperature.
Fahrenheit.

390

590

490
1,900
400

1,200

draw attention. The experiment in that

case was only carried on for three hours,

by which time the conductivity had in-

creased 7 per cent. He could not carry

it on longer because the alloy melted,

probably by the decrease in resistance

allowing a larger amount of current to

pass. This alloy (tin and lead) was well

known in the form of solder, which was
largely used for jointing electric-light

wires. It was dangerous to rely on solder

alone because it would be softened by the

passage of the current if there was any

heat caused by a slightly imperfect joint,

and an action would then go on which he
thought had a tendency to reduce the

metals into their constituent parts, so that

by degrees the two wires would come a

little apart, an arc would be formed, and
the joint destroyed. All joints for elec-

tric lighting purposes ought to be made
mechanical under considerable pressure,

the solder should only be used to keep

away the air. It would be interesting if

the Author would give his experience of

the joints used by the Post Office, also

whether there had been any variation in

resistance after they had been employed
a long time. The question of joints was
most important for electric lighting.

Dynamo machines afforded a most eco-

nomical method of transforming mechan-
ical work into electricity, and the problem
of using the current of electricity and dis-

tributing it successfully appeared to him
to be in the cost and the efficiency of the

conductors and their joints. Now it was
required in a perfect conductor that the

current in its passage should develop no
heat until it arrived at the lamps, where
the heat would be utilized in the form of

light. The Author had suggested a pos-

sible variation of resistance due to tem-

perature of 20 per cent., between summer

and winter. He hardly thought that

would be the case in England. In some
climates perhaps there might be that
amount of variation if overhead wires
were used for electric lighting purposes,
but if they were placed underground he
did not think they would be subject to as

much variation in temperature as were
ordinary gas and water pipes, in that they
would be surrounded and carefully insu-

lated by some material which not only
was an insulator of electricity but a non-
conductor of heat.

Mr. T. H. Blakesley considered that in

view of the large outlay which would prob-
ably take place in conductors for the dis-

tribution of electricity for electric lighting

or other purposes, the Author had passed
rather hurriedly over the law of economy
which Sir William Thomson was the first

to suggest. He ventured to recall the
attention of the Institution to that point,

first because of its great importance, sec-

ondly because the Author had somewhat
imperfectly quoted the law, and thirdly

because that economy was in practice

very rarely carried out, it being generally

thought advisable to save present outlay

at the expense of future current expenses.

The problem of course, was analogous to

the one which engineers constantly had
to encounter in pumping through hy-
draulic mains. If the main was con-

tracted too much, there was a saving in

the expense of pipes but a loss in the

current expense of pumping. There were
two forms of the law usually given, one
that which had been stated by the Author,
and the other asserting that the current

should be always proportioned to the

sectional area of the conductor. Both
statements were somewhat imperfect, and
were, moreover, very often misapplied
Sir William Thomson arrived at a result
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giving about 322 amperes to the square

inch of conductor of copper, when the

price of the copper was £70 a ton and 5

per cent, interest was allowed on the

outlay, and the time during which the
current flowed was one-half, or twelve

hours a day. The late Sir William Sie-

mens, in his address before the Society of

Arts, arrived at the value of 390 amperes
per square inch, taking £90 as the value

of copper per ton and 7^- per cent, inter-

est on the outlay, and one-third of a day,

or eight hours in twenty-four, as the time
of working. All these changes tended in

the same direction. Now 390 did not
materially differ from 324, and even one
of the alterations which he made was suf-

ficient to account for the difference. The
reason why the divergence was so small

was that he had put the cost of energy at

12d. per 10 Board of Trade units, which
most people thought very high. He had
used what would correspond more to the

price of energy than to the prime cost

;

but in that problem no doubt the prime
cost was the thing that should be taken
into consideration. But whatever the
values of these quantities, Sir William
Thomson's law was only applicable to

conductors where the expense of the con-
ductor varied with the weight of it. No
doubt in telegraph wires that was ap-

proximately the case ; but in the distri-

bution of electricity on a large scale for

electric-lighting purposes, or for the
transmission of energy, the conductors
were insulated, and probably under-
ground, and on comparing the price
of a bare conductor with its cost when
highly insulated, it would be found that
the price of the insulation was in excess
of that of the conductor itself, for ordi-

nary conductors, say of a \ square inch
section, and that the extra expense of

insulation did not vary anything like ac-

cording to the section of the conductor,
but more nearly as the diameter of the
wire, or as the virtual diameter in the
case of a bundle of wires. That would
greatly modify the law as usually quoted
for a proper economical system. One
outcome of the calculation in this case
was that there was no longer the con-
stancy between the current to be carried,

and the sectional area to carry it, which
was so often quoted. Another outcome
was that the number of amperes that
might be put through a square inch was

Vol. XXXL—No. 2—10

much higher than that given by Sir Wil-
liam Thomson or by Sir William Siemens.
He had ascertained from the prices of a
well-known manufacturer, that, with a
conductor thoroughly insulated with
gutta-percha and covered with jute and
tape in sections \ square inch, and em-
ployed for twelve hours in twenty-four
throughout the year, there ought to be
566 amperes per square inch passing
through it ; for less sections of conductor
more could be put through a unit of sec-

tion. This rate per square inch increased

sensibly, though not largely, as the sec-

tion got smaller.

'

Mr. W. H. Preece, in reply, observed
that Sir Frederick Abel questioned the
difference said to be found between the

conductivity of hard-drawn and soft cop-

per ; but his own figures showed that it

was 2 per cent, in favor of the latter, and
this corroborated the accepted figure.

He still maintained that iron manufac-
turers had not sufficiently brought to

their aid the talents of the chemist. At
the present time they absolutely did not
know what was the conductivity of pure
iron. Professor Chandler Roberts had
kindly offered to supply him with a piece

of pure iron, but it was not certain that

he had a piece to supply. Indeed, he did

not know that a piece of pure iron had
ever been seen. If anybody would sup-

ply electricians Avith absolutely pure iron,

they would be delighted ; at present they
did not know what resistance it gave. It

was true that Professor Hughes, with his

exquisite little instrument, had told some
curious stories about the internal arrange-

ment of molecules, and he was prepared
to assert that certain specimens were 225
times better than certain other specimens.

He had not mentioned, however, how to

obtain iron of sufficient purity to make
perfect magnets and perfect wires. On
the question of iron bars and copper
wires, Professor Hughes had suggested
that the probability was that after five

years' experience copper wire would be
rejected, just as compound wire had been.

In England the requisite five years' expe-

rience had been obtained ; and electricians

certainly had not arrived at the conclu-

sion that copper was a better conductor
for overground purposes than iron, with-

out long experience and very rigid prac-

tical tests. They now had copper wire,

not in pounds or in miles, but in hundreds
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of miles scattered over the country, and
the result of their experience had been
to show that for certain purposes (he did

not say for all) copper had a . greater

superiority over iron than some of the

speakers would be inclined to believe.

Mr. Johnson appeared to think that cop-

per would be stolen, but that had not
been the result of past experience. As
to monkeys climbing upon wires, those

animals, like iron-wire manufacturers, had
increased in intelligence. Tn the early

days of telegraphy they did climb upon
the wires and break them down, but they
did not do so now. Perhaps the differ-

ence was due to the fact that the first

telegraph wires were made of thick iron

rods, while the more recent wires were
much finer, and the finer they were the

less likely monkeys might be to perform
gymnastics upon them. He was sorry

that Professor Hughes differed from him
on the subject of overhead wires. He
believed that all electricians were agreed
upon one point, that whatever the merits

or demerits of overhead wires, they were
better adapted for high-speed apparatus
and general telegraph work. There could
be no doubt that if a wire were extended
between London and Manchester it would
be commercially sixteen times worse
underground than above ground ; and to

try to force an Administration like the
Post Office to put its wires underground,
because of some imaginary danger, was
as absurd as it would be to try and force

every railway company to tunnel under-
neath the roads instead of crossing them
by bridges. It had been said that over-

head wires were dangerous, but, as he
had asked before, where was the danger ?

There was much more danger in opening
trenches. The number of accidents from
the latter cause very far exceeded those
from falling wires. As to the question of

economy, those who had to spend the
money were, he thought, the best judges
on that point. His remarks, however,
applied to outlying districts. The par-

ish of "Wandsworth, for instance, wanted
a fire telegraph and a police telegraph

;

the Post Office authorities wished to put
the wires overhead, and the Wandsworth
Board tried to force them to put them
underground : the postal authorities had
resisted, and the matter was now before
a court of law. The opposition raised in

many of the outlying districts against

overhead wires was, he considered, a

senseless proceeding ; it meant additional

expense, and it did not remove danger.
Who cared about the appearance of wires

in a country district? No doubt many of

the streets in London would be consid-

erably beautified if some of the numerous
wires were removed; his remarks, how-
ever, did not apply to the city of London,
but only to outlying districts. What
local authorities needed was power to

control the erection of overhead wires,

not necessarily power to forbid their

erection. In all large cities and towns
the Post Office put the wires under-
ground, not to diminish danger, nor to

improve appearances, but for convenience
and economy ; they had even an under-
ground line between Liverpool and Man-
chester. Wherever it was necessary the

lines were put underground, but they did
not intend to put them there unless it

was absolutely necessary, and they were
not to be forced to do so by any absurd
mania on the part of the local authorities.

The important question of joints had been
raised by Mr. Hedges ; but there was one
that had been settled long ago by tele-

graphists, it was, that the telegraphic joint

as now constructed was perfect. In his

long experience of thirty years, and he
could appeal to those who could speak of

a still longer period, the existence of a

bad joint in a line properly constructed

by an experienced man was absolutely un-
known. He had seen, however, in lines

used for electric lighting, most inefficient

joints, and it was a matter of surprise

that many of the electrically lighted pub-
he buildings had not been destroyed by
the utterly unsuitable wires that had been
employed. There had been serious acci-

dents, and there would be more unless

electric-lighting engineers took a little

more to heart the lessons of experience

on this point. He had been contented
with quoting in its broadest sense Sir

William Thomson's law, leaving the re-

sults to be worked out by those who
wished to apply it, and who possessed the

current prices of materials. The subject

had been more fully worked out by Mr.
T. Gray. He however agreed with Mr.
Blakesley, that the number of amperes
per sectional area which could be trans-

mitted with safety and economy was
greater than that given by Sir William
Thomson and the late Sir W Siemens.



CALCULATING THE PRESSURES I1ST STONE WORK. 139

EXAMINATION OF THE FORMULAE USED IN CALCULATING
THE PRESSURES IN STONE WORK.

By E. SHERMAN GOULD, C. E.

Written for Van Nostrand's Magazine.

In an article published in the April No. of

this Magazine, I gave the two fundamental
formulae used in determining the maxima
elementary pressures upon the base of a

dam or other structure of masonry as

follows

:

I! I

(2)
2 P

These formulae are of the utmost im-

portance ; they constitute the foundation

of the entire theory of high masonry
dams. They were given in the article

named without demonstration—their gen-

eral acceptance by the highest mathemat-
ical and engineering authorities seemed
to render anything beyond their mere
enunciation unnecessary. Enquiries and
criticisms which have since come to my
notice, however, suggest that some fur-

ther examination of them may prove of

interest.

For this purpose I cannot do better

than present a translation of Debauve's
investigation and discussion of these for-

mulae, adding a note here and there which
may be useful to those who approach the

subject for the first time.

Mons. Debauve treats of the matter in

his work upon stone bridges ( 10th fasci-

cule of the " Manuel de 1' ingenieur "
) un-

der the head of abutments. I proceed to

translate, commencing at page 109 of the

above.

Problem.—Being given a homogeneous
mass of masonry (Fig. 1) with vertical

sides and a rectangular horizontal section

abed, the base being pressed by a vertical

force N, the point of application h of

which is situated upon one of the axes of

symmetry of the rectangle, it is required
to determine the elementary pressure at

any point of the rectangle, and particular-

ly to determine that point at which such
pressure is maximum.

Note.—By " elementary pressure " is

meant the jwessure per square unit, ex-

pressed in any given standard of v)eight.

Using French measures, the elementary
pressure would be given in kilos, per
square meter, which would, however, be

generally reduced to kilos, per square
centimeter. Using English measures, it

would be given in lbs. per square foot,

usually reduced to lbs. per square inch.

By " one of the axes of symmetry '' is

meant the line nm (Fig. 1) which divides

the rectangle into two equal parts.

a, Fi 9-

1

//
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In chapter I. of his " Cours de mechan-
ique appliquee," Mons. Bresse solves com-
pletely the above problem by a consider-

ation of the centers of percussion. We
cannot here present this elegant and
interesting investigation. The results

reached by Mons. Bresse are given at

page 62 of his treatise, and are as follows

:

1° When the point of application h of

the vertical pressure N is such that its dis-

tance oli from the center of the rectangle

is less than one third of the half axis om,

if we represent the ratio by n, and the

surface of the rectangle abed by S, the

maximum pressure will occur at the edge
bd of the rectangle, and this pressure per
unit of surface will be given by the for-

mula

(1)
N

^=-^-(1+3**)
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2° If on the contrary the ratio
oh

oni
is

greater than one third, the maximum
pressure still occurs at the edge bd, but

its degree is given by the formula

(2) p:
N _J
S ' 3 (1- n)

In the first case the entire surface abed
sustains pressure ; when the ratio n be-

comes ^, the entire surface is still pressed,

but the pressure is nil at the extreme

edge ac ; in the second case, (when n is

greater than i), if we take mk=3mh the

pressure will be nil beyond a^c
x
and will

go on increasing from a,c
y
to bd.

Note.—It loill be seen that the above

formidce are really identical in value

with those quoted at the commencement

of this article, though under a different

form. To establish their identity, it is

only necessary to replace N, S and n by
l-2n.

their equivalents P, I and-
l

{bd

being sxipposed to be equal to unity, S=£).
But a simple demonstration may be

given of the preceding formulae.

Let us represent the length of the

rectangle by 2a ; by^> and P the pressures

at m and n (Fig: 2), and let x be the dis-

< 2 c

F 9- 2

N

o h

V

X
- - : -

•

i

s
\-

''

tance separating m from any given point
in the axis mn, and c the distance be-
tween the point h of application and the
center o of the axis.

Under the influence of the pressure N,
the base mn is more or less displaced (or
compressed). "We assume that it does
not become distorted but remains a
straight line. We assume, moreover,

—

and this is in accordance with the laws
of elasticity—that at any given point the
elemeritary pressure is measured by the
degree of displacement or compression.
Thus at m the pressure is measured by
mp.
In virtue of these hypotheses, which

experience in a measure confirms, we may

calculate the compression by imposing
the condition that all the elementary
pressures have a resultant equal and op-

posite to N. For this it is necessary :

1° That the sum of the elementary
forces such as mp,—a sum represented by
the area of the trapezoid mnpV,—should
be equal to N. This furnishes the equa-

tion :

—

(1) N=(P+jp)a
2° That the sum of the moments of the

elementary forces about the point h should

be algebraically equal to o. (Fig. 2).

The sum of the moments of the forces

to the left of h is equal to the moment of

the area of the trapezoid mhpl, and that

of those to the right of h, is equal to

the moment of the area of the trapezoid

nhSl. The vertical hi is equal to

p + (P—p)
a + c

~2a~

Note.—Put hl=p+z.
by the proportion

Then z is given

z a + c

V-p
=

~2a~
;

(P —p)-^
— and h

I

Aa

is found to be as above.

The altitude of the left hand trapezoid
is (a + c), and that of the right hand tra-

pezoid is (a—c). Putting the moments
of the two trapezoids in equation,we ob-
tain :

a + c a + c ( .a + c\

X
a + c a + c

_, a— c n a—c=p -Hr- 2-3-+ fa&^vh*
X
a—c a—c
2 * 3

Note.—It will be observed that the two
trapezoids are divided into four triangles

by the lines ph, In and it is the sum of the

moments of these triangles which is given
in (2).

From equations (1) and (2) the follow-
ing values ofp and P are derived, in terms
of N.

(3) P=N^±^=N (a~ 3c)

2aa 2a2

Note.—To obtain these equations, put
A=(a+ c) and 'B=(a—c). Then byre-



CALCULATING THE PRESSURES IN STONE WORK. 141

duction, simplification and substituting

the value of J?-
N—ap

from (1) iice have;

2a (3A3a-A3 + aB 2 +AB 2

)£>=
=N(4aB a +AB'-As

)

Replacing A and B by their values,

effecting the necessary calcidations and

reducing, we havep=T$—
2

as above.

The value of P is then obtained by sub-

stitution in (1).

From (3) we see that the maximum
pressure occurs at the edge of the rect-

angle nearest to the point of application

of the pressure N.
Since the above calculations refer to a

rectangle abed of which the width bd is

supposed to be unity, we have S= 2a. If

now we put - =n the value of P may be

written under the more simple form given
by Mons. Bresse

;

Np=—(l + Sn)

Let us now see how the elementary
pressures vary as the force N changes its

point of application ; c may vary from o

to a.

N
For c=o, we have T=p——. That is,

the pressure is uniformly distributed over
the whole base.

As c increases, P also increases, and p
diminishes. "When c= ^ , p= o; so that for

o

c> j a there is an area mk (Kg. 3) of the

Fig. 3

rectangle which sustains no pressure, and
this area is easy to determine, for it is

only necessary to take nk=3nh. At k the

pressure is nil, as it is also for all the sur-

face situated to the left of k, and the
pressure increases progressively from k
to n, where it becomes maximum.

For c=-
N

P= 2^-

that is, the pressure is double that which
occurs under an uniform distribution.

For c> -, we have (Fig. 3) nk=3 (a—e)
o

and the area of the triangle knV which
represents the sum of the elementary
pressures, should be equal to N, whence
we have the relation:

NN=— . 3 (a-c), orP
3 (a— c)

Put-= tt, and remembering that the

surface of the rectangle forming the base
is measured by 2a, we may write the value
of P thus

:

P= -

N 4N
3a'l-n S 3(—n)

When the force N is applied directly at

the edge, that is when c=a, the pressure
at this point becomes infinite.

The above constitutes the investigation

of Mons. Debauve. Before offering any
comments upon it, I will add some obser-

vations which he makes upon the resist-

ance to crushing of stone, so excellent

and practical that they cannot but prove
of interest to engineers.

After giving the usual tables of the
strength of different varieties of stone,

Mons. Debauve says :

—

But too much confidence must not be
placed in the above figures, for they take

no account of a very important factor and
one as yet but little studied, namely the
influence of the size of the specimens
tested upon their resistance.

Dupuit in his treatise upon bridges,

gives the following results, based, it is

true, more upon reasoning than actual

experiment

:

It has been found, he says, that

with equal surfaces, the resistance in-

creases as the section approaches a circle,

and that it decreases with the height, par-

ticularly if the specimen be divided into

several layers. We can easily understand
that when several prisms bear upon one
another, the pressure is unlikely to be
transmitted uniformly over the whole
surface. It may happen, therefore, that

some parts will be strained beyond their

resistance before a pressure is reached
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which, if uniformly distributed, could have
been safely sustained.

While upon this subject we will remark,

that so far experiments have only been
made with uniform pressures extending

over the whole surface of the prisms test-

ed. In actual practice however, it often

happens that only a portion of the surface

sustains pressure. In such cases, can we
consider the surface pressed as being iso-

lated, and as liable to be crushed by a

pressure that would crush it if it were
isolated ? "We do not think so, although
it is customary to so consider it. As we
have already stated, crushing only takes

place as an effect of lateral dilatation,

and when there exists an obstacle to such
dilatation, the resistance to crushing is

thereby increased. This is a principle

well understood in practice. Thus, we
ring the head of piles to prevent their

splitting, and put iron bands around cer-

tain supports destined to bear heavy
loads. Let us suppose for instance that

a cube of stone five centimetres high
crushes under a load of 10,000 kilos, or
400 kilos per square centimetre. We cer-

tainly should not conclude from that fact

that crushing would ensue if we placed
an iron column with a base of 25 square
centimetres, in the middle of a block of

the same stone, a square metre in area,

and loaded it with a weight of 10,000 kilos.

It is quite certain that we should find the
resistance enormously increased.

The proposition that, under all circum-
stances, whenever the pressure reaches
the limit of resistance crushing ensues,
leads to absurd consequences. Thus, if

we should calculate the area of the point
of a well sharpened pointing tool, we
would conclude that it would pass through
granite like a needle through a piece of

cloth, and that stone could be cut with a
razor. The figures we have given (refer-

ring to table) only relate to pressures cov-

ering the whole surface of the specimen
tested. If the pressure is local and only
bearing upon certain points, the resist-

ance increases in proportion as these
points are farther from the sides, but we
know nothing of the manner in which the
resistance acts under these circumstances,
and for lack of data follow incorrect as-

sumptions.
Instead of multiplying experiments up-

on all the known stones used in building,

we should endeavor, first to ascertain how

resistance varies with the dimensions of

the specimens tested, the pressure being
uniformly applied ; and secondly, how it

varies under local pressures, applied to

different parts of the surface.

Crushing is due, as Dujmit remarks, to

the lateral expansion of the stone, the

compressed parts endeavoring to escape
at the sides, where they find no impedi-
ment to so doing. When the pressure
becomes so great as to destroy the co-

hesion of the fibers, they burst asunder,

and crushing ensues.

Any cause which opposes this lateral

expansion will have for effect the retard-

ation of the crushing of the material, by
annulling more or less of the tendency to

spread. Mons. Pelletreau in a recent

paper corroborates the above statement
by demonstrating the following propo-
sition :

Other things being equal, a prism of
stone resists crushing in proportion to the

degree offriction existing between its base

and the surface upon ivhich it stands.

In another part of his volume, Mons.
Debauve gives instances of very heavy
pressures sustained by the pillars of some
noted buildings. Thus

:

lbs. per sq, inch

The pillars of the Invalides 213
The pillars of St. Peter's at Rome 230
The pillars of St. Paul's, London 272
The pillars of dome of the Pantheon 414
The pillars of tower of St. Mery 414
The pillars of Church of Toussaint at An-

gers 627

These are certainly enormous charges,

much greater some of them, than any
builder would knowingly incur at the
present day. No doubt the architects of

these edifices never gave the question of

crushing a thought, but simply carried

up their structures according to artistic

design, and let the pressures be what they
would. Mons. Debauve does not state

whether the above pressures occur at the
bottom of the foundations, under ground,
or in free air. This would unquestion-
ably make a great difference. 1 do not
know what the elementary pressure upon
the piers of tha Brooklyn bridge is, but
it must be something enormous.

It should be remembered too, that the
sub-foundations of this structure consist

of a heavy layer of timber, resting upon
concrete, so the whole of the great weight
rests on wood instead of stone. No doubt
when the substructure is carried down to
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such a great distance below the surface,

the strong hold which the encasing ma-
terial takes of its sides very materially

lessens the weight actually resting on the

bottom. Unquestionably pressures may
be admitted below the surface, which
would be dangerous if sustained by por-

tions of the structure deprived of lateral

support ; besides it is certain that at great

•depths below the surface, the nominal
pressures do not really exist, the weight
being largely sustained by the adherence
on the sides. For this reason, the sides

of buried foundations should be built ver-

tical, and not spreading out below ground.
Let us now return to Debauve's exam-

ination of Bresse's formulae.

It would no doubt be unwise to attempt
a thorough investigation of the problem
without a careful study of Mons. Bresse's

own solution of the given problem by the

method of centers of percussion. I have
not been able to find this latter author's

work in the Astor library, and am there-

fore ignorant of his process of demonstra-
tion, but, as stated at the commencement
of this article, his results have been gen-
erally accepted, and pass current among
the most eminent European authorities

without challenge. This is saying a great

deal.

As regards Debauve's demonstration, if

we admit his assumptions, the results fol-

low naturally. Let us see what these as-

sumptions are. He assumes ( as does
Bresse) a homogeneous mass. That is a
mass, all the parts of which are uniformly
bound together, so that any local press-

ure is disseminated throughout the mass.
Thus, a local pressure acting vertically

downward, does not bear wholly upon
that portion of the base directly under it,

but is transmitted to the other parts of

the base as well. There can be no diffi-

culty in accepting this assumption, for it

is not a scientific abstraction, but a practi-

cal essential of good workmanship.
His nest assumption is, that the base,

while undergoing compression, is not dis-

torted, but remains in a straight line.

With this, we must also couple the tacit

assumption that the mass rests upon an
unyielding base, or one which is practic-

ally unyielding. As the structure, in the
case of high dams, must stand on bed rock,

we cannot refuse to admit this. Even if

we consider the pressure in the upper
courses of the work, we should still find,

I think, that the upward reaction of the

rigid base was operative through the in-

tervening material.

The rigidity of the base being admitted,

we seem forced to grant the absence of

distortion. The only assumption which
still remains to be examined is, that com-
pression is proportional to pressure. This
can be readily conceded, and it would then

appear that Mons. Debauve has rested his

demonstration upon reasonable grounds.

It may be remarked that in the prob-

lem announced, the sides of the assumed
mass are supposed to be vertical. It is

difficult to see how this condition affects

the results, and it is neglected by Debauve
in the application of the formulae to dams.

It will be observed that he introduces

a distance, represented by x, (Fig. 2), of

which no use is made in the demonstra-
tion.

One word may perhaps be usefully

added upon the subject of compression.

All building materials are more or less

compressible, and all buildings undergo
more or less compression from their own
weight and from such exterior forces as

they may be subjected to. In the case

of masonry this compression takes place

mostly in the mortar. But a point is

sooner or later reached, when compression
ceases, or else the whole structure would
flatten out into a sheet of infinite thinness.

The mass has then become incompressible.

If the pressure still augments, another

action takes place, namely, that of crush-

ing. We may say that there are three

distinct stages in the phenomena accom-
panying pressure applied to stonework.

First, there is the compression due to the

artificial and composite character of the

mass considered as a whole. This con-

sists in taking up the vacancies of the

work, or in the settling of the structure

to its bearings. Then comes the condens-

ation, due to the natural compressibility of

the materials when brought in actual con-

tact with each other. This is no doubt
slight when compared to the former con-

traction. Tbe pressure still augmenting
destruction of the cohesion of the materi-

al occurs ; that is crushing and disentegra-

tion. These three actions may be going
on simultaneously in different parts of the

same structure ; and we may have, accord-

ing to circumstances, either the establish-

ment of equilibrium, or destruction of the

edifice.
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BICYCLES AND TKICYCLES.*
By C. V. BOYS.

From the "Journal of the Society of Arts."

The subject of this paper is one of such
wide interest, and of such great import-
ance, that it is quite unnecessary for rne

to make any apology for bringing it be-

fore your notice. Exactly two months
ago, I had the honor of dealing with the

same subject at the Royal Institution.

On that occasion I considered main prin-

ciples only, and avoided anything in

which none but riders were likely to take

an interest, or which was in any way a

matter of dispute. As it may be as-

sumed that the audience here consists

largely of riders, and of those who are
following those matters of detail, the
elaboration, simplification, and perfection

of which have brought the art of con-

structing cycles* to its present state of

perfection, I purpose treating the subject

from a totally different point of view. I

do not intend, in general, to describe
anything, assuming that the audience is

familiar with the construction of the
leading types of machines, but rather to

consider the pros and cons of the various
methods by which manufacturers have
striven to attain perfection, As a discus-

sion on the subject of this paper will

doubtless follow—and I hope makers or
riders of every class of machine will free-

ly express their opinion, for by so doing
they will lend an interest which I alone
could not hope to awaken—I shall not
consider it necessary to assume an abso-

lutely neutral position, which might be
expected of me if there were no discus-

sion, but shall explain my own views
without reserve.

The great variety of cycles may be
grouped under the following heads :

—

1. The Bicycle unmodified.
2. The Safety bicycle, a modification

of 1.

3. The Center-cycle.

4. The Tricycle, which includes five

general types :

—

(a.) Rear steerer of any sort.

(b.) Coventry rotary,

(c.) Front steerer of any sort (ex-

cept e).

* A paper read before the Society of Arts.

(d.) Hurnber pattern.

(e.) The Oarsman.
5. Double machines : sociables and tan-

dems.
6. The Otto.

It is perfectly obvious that not one
machine is superior to all others in every
respect, for if that were the case, the rest

would rapidly become extinct. Not one
shows any signs of becoming extinct,

and, therefore, it may be assumed that

each one possesses some points in which
it is superior to others, the value of

which is considered by its riders to far

outweigh any points in which it may be
inferior. The widely varying conditions
under which, and purposes for which,
machines are used, and the very different

degrees of importance which differently

constituted minds attach to the peculiari-

ties of various machines will, probably,
prevent any from becoming extinct,

Nevertheless, the very great advantages
which some of these possess over others
will, no doubt, in time become evident by
the preponderance of the better class of

machines.
The bicycle, which surpasses all other

machines in simplicity, lightness, and
speed, will probably, for these reasons,

always remain a favorite with a large
class. The fact that it requires only one
tract places it at a great advantage with
respect to other machines, for it is com-
mon for a road which is unpleasant from
mud or stones to have a hard smooth
edge, a kind of path, where the bicyclist

can travel in peace, but which is of little

advantage to other machines. Again, the
bicycle can be wheeled through narrow
gates or doorways, and so kept in places
which are inaccessible to tricycles. One
peculiarity of the bicycle, and to a certain

extent of the center-cycle, is that the
plane of the machine always lies in the
direction of the resultant force, that the
machine leans over to an amount depend-
ing on the velocity and the sharpness of

the curve described. For this reason all

lateral strain on the parts is abolished,

and if we except the slipping away of the
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wheel from under the rider, which can

hardly occur on a country road, an upset

from taking a curve too quickly is impos-

sible. This leaning to either side by the

machine and rider gives rise to that

delightful gliding which none but the

bicyclist or the skater can experience.

In this respect the bicycle has an enor-

mous advantage over any machine,tricycle

or Otto, which must at all times remain
upright, and which must, therefore, at a

high speed be taken round a curve with
discretion.

The perfect and instantaneous steering

of the bicycle, combined with its narrow-
ness, counteract, to a great extent, the

advantage which the tricyclist has of

beirig able to stop so much more quickly,

for the bicyclist can "dodge " past a thing
ior which the rider of the three wheeler
must pull up. In one other respect the

bicyclist has an advantage, which, though
of no real importance, has great weight
with many people. The bicycle well rid-

den presents a picture of such perfect

elegance that no one on anything else

need expect to appear to advantage in

comparison.
The chief disadvantage of the bicycle

is the fact that a rider cannot stop for

any purpose, or go back a little, without
dismounting. For town riding, where a

stoppage is frequently necessitated by
the traffic, this perpetual mounting and
dismounting is not only tiresome but
wearying, so much so, that few bicyclists

care to ride daily in town.
The position of the rider on a bicycle

with respect to the treadles is by no
means good, for if he is placed sufficient-

ly forward to be able to employ his

weight to advantage without bending
himself double, he will be in so critical a
position that a mere touch will send him
over the handles. He has, therefore, to
balance stability and safety against com-
fort and power; the more forward he is,

the more furiously he can drive his ma-
chine, and the less does he suffer from
friction and the shaking of the little

wheel ; the more backward he is, the less

is he likely to come to grief riding down
hill, or over unseen stones. The bicyclist

is no better off than the rider of any
other machine with a little wheel, the
vibration from which may weary him
nearly as much as the work he does.
The little wheel as a mud-throwing-

engine is still more effective on the bi-

cycle than it is on any tricycle, for in

general it is run at a higher speed.

I now come to the usual complaint
about the bicycle. There is a fashion

just now to call it dangerous, and the

tricycle safe. But the difference in safety

has been much exaggerated. The bicy-

clist is more likely to suffer from striking

a stone than his friend on three wheels,

but then he should not strike one where
the tricyclist would strike a dozen.

Properly ridden, neither class of machine
can be considered dangerous ; an acci-

dent should never happen except it be
due to the action of others. People,

carts, cattle, and dogs on the road are

liable to such unexpected movements,
that the real danger of the cyclist comes
from the outside; to danger from abso-

lute collapse due to a hidden flaw in the

materials employed, every one is liable,

but the bicyclist more remotely than the

tricyclist, owing to the greater simplicity

of his machine. The bicyclist, though he
has farther to fall in case of an accident

from any of these causes, is in a better

position than the tricyclist, for he is out-

side instead of inside of his machine ; he
can in an instant get clear. It would ap-

pear that many tricyclists consider acci-

dents of the kind next to impossible, for

in several machines the rider is so in-

volved, that an instantaneous dismount
without a moment's notice, at any speed,

is absolutely impossible. There remains
one objection, which, however, should be
of next to no importance—the difficulty

of learning the bicycle prevents many
from taking to the light and fast ma-
chine, because they are afraid of a little

preliminary trouble.

The chief objections to the bicycle,

then, are the liability of the rider to go
over the handles, the impossibility of

stopping very quickly, and the inability

to remain at rest or go backwards, and
the difficulty of learning.

The first two of these are, to a large

extent, overcome in the safety bicycles,

but not without the introduction of what
is in comparison a certain degree of com-
plication, or without the loss of the whole
of the grace or elegance of the bicycle.

On almost all these safety bicycles the

rider is better placed than on the un-
modified bicycle, but though safer I do
not think bicyclists find them compete in
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speed, though, no doubt, they are supe-

rior in that respect to the tricycle.

Though they do not allow the rider to

stop without dismounting, the fatigue re-

sulting from this cause is less than it is

with a bicycle,owing to the fact that with
the small machines the rider has so small

a distance to climb. Of these machines,

the " Extraordinary " leaves the rider

high up in the air on a full-sized wheel,

but places him further back and more
over the pedals. The motion of these is

peculiar, being not circular but oval, a

form which has certain advantages.
In the Sun and Planet and Kangaroo

bicycles, a small wheel is " geared up,"

that is, is made to turn faster than the

pedals, so as to avoid the very rapid

pedaling which is necessai*y to obtain an
ordinary amount of speed out of a small

wheel. In each of these the pedals move
in a circular path, and their appearance
is in consequence less peculiar than that

of the Facile, which, in this respect, does
not compare favorably with any good
machine. The pedal motion on the
Facile is merely reciprocating. Riders of

machines where circular motion is em-
ployed, among them myself, do not be-

lieve that this reciprocating motion can
be so good as circular, but I understand
this view is not held by those who are

used to it. Of course, the harmonic
motion of the Facile pedal is superior to

the equable reciprocating motion em-
ployed in some machines where speed is

an object, especially with small wheels.

If I have overlooked anything typical

in the modified bicycle class, I hope some
one will afterwards supply the omission,

and point out any peculiarities or advan-
tages.

That very peculiar machine, the Center-
cycle seems to combine many of the ad-
vantages of the bicycle and tricycle. On
it the rider can remain at rest, or can
move backwards ; he can travel at any
speed around curves without an upset
being possible ; he can ride over brick-

bats, or obstructions, not only without
being upset, but if going slowly, without
even touching them. As this machine is

very little known, a few words of ex-

planation may be interesting.

In the first place, the rider is placed
over the main wheel, as in the bicycle,but
much farther forward. There are around
him, on or near the ground, four little

wheels, two before and two behind, sup-

ported in a manner the ingenuity of

which calls for the utmost admiration.

Turning the steering handle not only

causes the front and rear pairs to turn
opposite ways, but owing to their swiv-

elling about an inward pointing axis, tbe

machine is compelled to lean over towards
the inside of the curve : not only is this

the case,but each pair rises and falls with
every inequality of the road, if the rider

chooses that they run on the ground

;

but he can, if he pleases, arrange that in

general they ride in the air, any one
touching at such times as are necessary

to keep him on the top of the one wheel
on which alone he is practically riding.

He can, if he likes, at any time, lift the

main-weeel off the ground, and run along
on the others only. The very few ma-
chines of the kind which I have seen

have been provided with foot straps, to

enable the rider to pull as well as push,

which is a great advantage when climb-

ing a hill, but this is on every machine
except the Otto, of which I shall speak
later, considered a dangerous practice.

Some of the objections to the bicycle

to wdiich I have referred were sufficient

to prevent many, especially elderly men,
from dreaming of becoming cyclists. So
long as the tricycle was a crude and
clumsy machine, there was no chance of

cycling becoming a part, as it almost is,

and certainly soon will be, of our national

life. The tricycle has been brought to

such a state of perfection, that it is diffi-

cult to imagine where further progress

can be made.
Perhaps it will be well to mention

what is necessary, in order that a three-

wheeled machine may be made to roll

freely in a straight line, and also round
curves. At all times each wheel must be

able to travel in its own plane in spite of

the united action of the other two. To
run straight, the axes of all the wheels

must obviously be parallel. To run
round a curve, the axis of each must, if

continued, pass through the centre of

curvature of the curve. If two wheels
have a common axis, the intersection of

the two lines forming the axis can only

meet in one point. To steer such a com-
bination, therefore, the plane of the third

wheel only need be turned. If the axes

of no two are common, then the planes of

two of the wheels must be turned in
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order that the three axes may meet in a

point.

Not only does free rolling depend on
the suitable direction of the planes of the

wheels, each wheel must be able to run
at a speed proportional to its distance

from the point of intersection of the

three axes, i. e., from the ever-shifting

center of curvature.

The most obvious way, then, of con-

triving a three-wheeler is to drive one
wheel, steer with another, and leave the
third, which must be opposite the driver,

idle. The next in simplicity is to drive

with one wheel, and steer with the other
two, having one in front, and the other
behind. So far, then, the single driving
rear-steerer and the Coventry rotary pat-

tern are easily understood. The evils of

single driving minimised, it is true, to a

large extent in the Coventry rotary, have
led to the contrivance of means by which
a wheel on each side may be driven with-

out interfering with their differential mo-
tion in turning a corner. Three methods
are commonly used, but as only two are
employed on tricycles, I shall leave the
third till I come to the special machine
for which it is necessary. The most easy
to understand is the clutch, a model of
which I have on the table. If each main
wheel is driven by means of one of these,

though compelled to go forward by the
crankshaft, it is yet free to go faster with-
out restraint. By this means "double
driving " is effected in several forms of

tricycle. Differential gear, which is well
understood, and of which there are seve-

ral mechanically-equivalent forms, divides
the applied driving power, whether for-

wards or backwards, between the main
wheels, equally if the gear is perfect, un-
equally if imperfect. To understand the
effect of the two systems of driving, and
of single driving, let us place on grooves
a block which offers resistance to a mov-
ing force. If we wish to move it, and
apply our force at the end of one side, it

will tend to turn round as well as move
forward, and much friction will be spent
on the guides by their keeping it straight.

This is the single driver. If, instead of
applying force at one side, we push the
block bodily forward by a beam moving
parallel to itself, then so long as the
guides are straight no strain will be put
upon them, even though one side of the
block is resisted more than the other ; if,

however, the guides compelled the block
to travel round a curve, then the power,
instead of being divided between the two
sides in such proportion as is necessary
to relieve the guides of all strain, is siid-

denly applied only to the inside, and the

effect is that of a single driver only. This
is the clutch. Lastly, if the last-men-

tioned beam, instead of being pushed
along parallel to itself, were pivoted in

the middle, and that pivot only pushed,
the same power would be applied to each
side of the block, and no strain would be
thrown on the guides, whether straight

or curved, so long as the resistance op-
posed to the block on the two sides were
equal ; if, however, one side met with
more resistance than the other, then the

guides would have to keep the block
straight. This is the differential gear. I

have assumed that in the last case the
force was applied to the middle of the

beam ; this corresponds to every evenly-

balanced gear. In the gear employed by
Singer, which is not evenly balanced, but
which derives its good qualities from its

simplicity, the same effect is produced as

if the beam were pivoted on one side of

the center, instead of on the center.

Thus, though both sides are driven, one
is driven more than the other. On the

whole, there is no doubt that the bal-

anced gear gives a superior action to the

clutch, for except when the two sides of

the machine meet with very chfferent re-

sistance, and then only when running
straight, the clutch will not compare
with the other. The clutch also gives

rise to what is considered by most riders

a grave defect, the inability to back trea-

dle, while the free pedal, which is an im-

mediate consequence, is considered by
others a luxury. On the other hand, this

same free pedal can be obtained on dif-

ferentially-driven machines to which
speed and power gear have been applied.

Of the relative merits of different forms
of differential gear there is little to be
said. Perhaps it will not be thought I

am unduly thrusting myself forward, if I
refer to a scheme of my own, in which no
toothed wheels are employed, but in

which two conical surfaces are driven by
a series of balls lying in the groove be-

tween them, and jambed against them by
a recessed ring. I have here a large

wooden diagrammatic model, and a small

working model in steel, which shows that
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•the new principle employed is correct,
namely, that a ball while jambecl is free
to turn, or if turning is able to jamb. All
Humbers, and most front steerers, em-
ploy differential gearing; in some front
steerers the clutch of necessity is used.

Neglecting for the present the different
modes of transmitting power from the
pedals to the main wheels, it is possible
now to consider the four typical builds of
tricycle. The only advantage that a rider
•can find in a rear-steerer is the open
front, so that in case of accident he can
more easily clear himself of his machine

;

as I have already remarked, this power of
instantly escaping seems to be considered
hy many as of no importance. In a rear-
steerer which has not an open front,
whether driven by a clutch or by differ-
ential gear, I fail to discover any good
quality. The steering of a rear-steerer is

so very uncertain, that such machines
cannot safely be driven at anything like
a high speed, because any wheel meeting
with an obstruction will, by checking the
machine, diminish the weight on the
steering wheel just at the time when a
greater weight than usual should be ap-
plied. It is for the corresponding reason
that the steering of a front-steerer is so
excellent; the more the machine is

checked by obstruction, by back treading
or by the brake, the greater is the weight
on the front wheel. For shooting hills,
or for pulling up suddenly, no machine
of any kind will compare with a good
front-steerer. In all respects it is supe-
rior to the rear steerer, if we except the
open front, but against this may be set
the fact that on many the rider can mount
from behind, or can dismount in the
same manner while the machine is in mo-
tion. Experience shows that the front-
steerer is, for general excellence, safety,
easy management, and light running, the
best all-round tricycle that is to be had.
The Humber build, which departs less

from the ordinary bicycle than any other,
is far superior to all others for speed; it

is, however, somewhat difficult to man-
age, for the steering is not only delicate,
but critical, requiring constant care lest
a stone or other obstruction should take
the rider unawares, and steer the ma-
chine for him. The control which a skill-

ful rider of the Humber has over his ma-
chine is wonderful; the elegance of the
machine among tricycles is unequaled.

So great a favorite is this form, especially
among the better class of riders, that al-

most every firm have brought out their

own Humber, each with a distinguishing
name. The only improvement or change,
whichever it may be, that lias been made
by others with which I am acquainted,
is the triple steering, in which the hind
wheel moves the opposite way to the
others. The corresponding change in

the bicycle was soon discarded ; I do not
know what advantage can result from
the increased delicacy of steering here

;

I should have thought it delicate enough
already.

One noticeable change in the front-

steering tricycle, which has been largely

made lately, is the substitution of central

for side-gearing, in consequence of which
bicycle cranks can be employed, instead
of the cranked axle, with its fixed throw.
This gives an appearance of lightness

which the older types of machine do not
possess.

I now come to that very difficult and
all-important subject, the method of

transmitting power from the body of the

rider to the main axle. Next to the

structural arrangement, this is most im-

portant in distinguishing one type of ma-
chine from another.

The first to which I shall refer is the
direct action employed on the " National"

and the " Monarch " tricycles. It is ob-

vious that by having no separate crank
shaft, much greater simplicity and cheap-

ness, and less friction are attained, than
can be possible when the extra bearings

and gear generally used are employed.
In this respect the direct action machines
undoubtedly have an advantage, but an
advantage of any kind may be too dearly

bought, as it certainly is here. In the

first place, the direct action can only be
applied to a rear-steering, clutch-driven

machine, or single driver, for if the

wheels were not free to ran ahead, it

would be impossible to go round a curve.

In the second place, the rider must be
placed at such a height for his feet to

work on the axle, that the machine of ne-

cessity is very unstable, and is likely to

upset if ridden without great caution

round a curve. Thirdly, to diminish as

far as possible this last objection, misera-

ble little wheels must be employed, which
cannot be geared up, that is, made to

travel faster than the treadles, and so be
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equivalent to larger wheels. Therefore,

though it is likely that at such low speeds

only as it is safe to run such a machine,

it may move more easily than a machine

of a recognized type, and though direct

action would undoubtedly be advantage-

ous if it did not entail defects of a most
serious order of magnitude, we may dis-

miss this at once from our consideration.

It is true that in the " Monarch " a few

inches of height are gained by the hang-

ing pedals, but I question very much
whether one machine is much better than

the other.

The chain which is used on almost

every make of machine cannot be consid-

ered perfect ; it is, on the whole, a dirty

and noisy contrivance, giving rise to

friction where the links take and leave

the teeth of the pullies ; stretching, or

rather lengthening, by wear, and, finally,

allowing back lash, which is most unplea-

sant. In spite of all this it affords a con-

venient and reliable means of transmit-

ting power, which is applicable to every

type of tricycle except one.

Instead of a chain, an intermediate or

idle wheel has been tried, but this has

not been found advantageous. The in-

termediate wheel has been removed, and
the crank and wheel pulley allowed to

gear directly together, making reverse

motion of the feet necessary, and possi-

bly reducing friction.

The crank and connecting rod are em-
ployed in some machines. If there are

two only, they must not be placed in op-

posite positions, but be fixed at an angle,

so that there are times when each rod is

under compression, a strain which deli-

cate rods cannot stand. In the three-

throw crank, employed in the matchless
tricycle, this objection is obviated, for

one, at least, is at all times in such a po-
sition as to be in tension. The objection

to the crank is the fact that it weakens
the shaft, and that it can only be used
with a clutch, not with a differential

gear.

The most silent, neatest, and cleanest

driver, the one of which the working fric-

tion is least, is the endless steel band, so

well known in connection with the Otto
bicycle. This is not, as far as I am aware,
employed on any tricycle, makers prob-
ably fearing lest it should slip. The Otto
shows that it can safely be employed.

I have devised a scheme, of which I

now show a model, which seems to me
to be free from the objections which may
be urged against other methods ; but I, of

course, cannot be considered in this respect

a judge. Eccentrics are well known as

equivalent to cranks, but if used in the

same way, with a connecting rod, either

fatal friction or enormous ball-bearings

would be necessary. Instead of these, I

connect two pair of equal eccentrics by
an endless band embracing each, so that

the band acts like a connecting rod with-

out friction, and at the same time acts by
its turning power as on the Otto, thus
making two eccentrics sufficient instead

of three, and carrying them over the

dead points.

There is one more system of transmit-
ting power employed on a few machines.
In these a band or line passes over the
circumference of a sector or wheel, and
the power is directly applied to it. The
motion of the feet in the omnicycle, and
of the hands and body in the oarsman, is

therefore uniform. There would be no
harm in this if it were not for the start-

ing and the stopping, which cannot be
gradual and at the same time effective in

machines of this type. For this reason
a high speed cannot be obtained ; never-
theless, these machines are better able to

climb hills than are tricycles with the^

usual rotary motion, for, at all parts of

the stroke—which may be of any length
that the rider chooses—his driving power
on the wheels is equal. The ingenious
expanding drums on the omnicycle makes
this machine exceptionally good in this

respect, for increased leverage is effected

without increased friction, which is the
result of "putting on the power" in some
of the two-speed contrivances'.

Having spoken of the oarsman tricycle,

I must express regret that I have not
been able to find an opportunity to ride on
or with the machine, so that I cannot, from
observation, form an opinion of its going-

qualities. There can be no doubt that

the enormous amount of work that can
be got from the body in each stroke on a

sliding seat in a boat must, applied in

the same manner on the oarsman tricycle,

make it shoot away in a surprising-

manner ; whether such motion, when con-

tinued for hours, is more tiring than the
ordinary leg motion only, I cannot say

for certain, but I should imagine that it

would be. The method by which the
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steering is effected by the feet, and can

with one foot be locked to a rigidly

straight course, is especially to be ad-

mired.

There is much difference of opinion

with respect to the most suitable size for

the wheels of machines. Except with

certain machines, this has nothing to do
with the speed at which the machine will

travel at a given rate of pedalling, for the

wheels may be geared up or down to any
extent that is made to turn more quickly

or slowly than the cranks. This, the

most suitable speeding, is a separate

question, and must be treated by itself.

Large wheels are far superior to small

wheels in allowing comfortable easy mo-
tion, a matter of considerable importance

in a long journey. They are also far bet-

ter than small for running over loose or

muddy ground, for, with a given weight
upon them, they sink in less, from the

longer bearing they present, and this,

combined with then* less curvature, makes
the everlasting ascent which the mud
presents to them far less than with a

smaller wheel. On the other hand, the

large wheel is heavier, and suffers more
from air resistance than the small wheel.

For racing purposes a little wheel, geared

up of course, is certainly better than a

high wheel ; for comfortable traveling,

and in general, the high wheel is prefer-

able. Though this is certainly the case,

it does not follow that large wheels are

worth having on a machine when there is

already one little wheel. If the rider is

to be worried with the evils of a little

wheel at all, it is possible that any ad-

vantage which large wheels would give

him would be swamped by the vibration

and mud- sticking properties of the small

steering wheel. One firm, in their en-

deavors to minimize these evils, have de-

signed machines without any very small

wheels ; all three wheels are large, and a

steadier and more comfortable motion no
doubt results.

High and low gearing are the natural

sequel to high and low wheels. Of course,

the lower the gearing the greater is the

mechanical advantage in favor of the rider

when meeting with much resistance,

whether from wind, mud, or steepness of

slope. In spite of this, for some reason
which I cannot divine, the machines
with excessively low gear do not seem to

obtain so great an advantage in climbing

hills as might be expected. To make
such a machine travel at a moderate
speed only,' excessively rapid pedalling

is necessary, and the rider is made tired

more by the motion of his legs than by
any work he is doing. The slow, steady
stroke by which a rider propels a high-

geared machine is far more graceful and
less wearying than the furious motion
which is necessary on a low-geared ma-
chine. The height up to which the chiv-

ing wheels are usually geared may be
taken as an indication of the ease with
which any class of machines runs. A
rider on a low-geared machine can start

his machine much more quickly than an
equal man on one that has high gear-

ing, and therefore in a race he has an ad-

vantage at first, which he speedily loses

as his rapid pedalling begins to tell.

For ordinary riding, the slight loss of

time at starting is a matter of no import-

ance whatever.

There are several devices which enable

us to obtain the advantages of high and
low gearing on the same machine, which
at the same time give the rider the bene-

fit of a free pedal whenever he wishes.

On some single driving rear-steering tri-

cycles the connection on one side is for

speed, and that on the other for power,
either being in action at the wish of the

rider, or both speed and power combina-
tions are applied on the same side. To
drive with a power gear a single wheel
only seems to me the height of

folly ; in my opinion no arrangement of

this type is worthy of serious attention.

Among the better class of machines there

are three methods by which this change
is effected—First, that employed on the

omnicycle, to which I have already re-

ferred ; secondly, an epicyclic combina-
tion of wheelwork which moves as one
piece when set for speed, thus adding
nothing to the working friction except

by its weight, but which works internally

when set for power, thus reducing to a

small extent, by the additional friction,

the gain of power which the rider desires
;

thirdly, a double set of chains and pul-

leys, each set always in movement, so

that whether set for speed or power,

there is rather more friction than there

would be if there were no additional

chains, but these are free from that in-

creased friction due to toothed-wheel
gearing, from which the epicyclic contri-



BICYCLES AND TEICYCLES. 151

varices suffer only when set for power.
There is much difference of opinion

whether any of these arrangements are

worth carrying, for perhaps nine miles,

for the sake of any advantage that may
be obtained in the tenth. It is on this

account that the drums on the omnicycle
are so excellent ; whether expanded or

not, there is, on their account, no loss of

work whatever, for there is no additional

friction. The subject of these two speed
gears will, I hope, be discussed ; it is one
which, though not new, is coming more
to the front, and about which much may
be said.

Having now dealt with the means by
which tricycles are made to climb hills

more easily, I wish to leave the subject of

bicycles and tricycles altogether for a

few minutes, to say a few words which
may specially interest those who are fond
of trying their power in riding up our
best known hills. The difficulty of get-

ting up depends to a large extent on the

surface and on the wind, but chiefly on
the steepness. The vague manner in

which one hill is compared with another,

and the wild ideas that many hold who
have not made any measurements, in-

duces me to describe a method which I

have found specially applicable for the
measurement of the steepness of any hill

on which a cyclist may find himself, and
also a scheme for the complete repre-

sentation of the steepness and elevation

of every part of a hill on a map so as to

be taken in at a glance. The force re-

quired to move the thing up a slope is

directly proportional, not to the angle,

but to the trigonometrical sine of that
angle. To measure this, place the tri-

cycle, or Otto—a bicycle will not stand
square to the road, and therefore cannot
be used—pointing in direction at right
angles to the slope of the hill, so that it

will not tend to move. Clip on the top
of the wheel a level, and mark that part
of the road which is in the line of sight.

Take a string made up of pieces alter-

nately black and white, each exactly as
long as the wheel is high, and stretch it

between the mark and the top of the
wheel. If there are n pieces of string
included, the slope is 1 in n$ for by simi-

lar triangles the diameter of the wheel is

to the length of the string as the verti-

cal rise is to the distance on the road.
This gives the average steepness of a

piece sufficiently long to be worth test-

ing, because an incline, only a few feet in

length, of almost any steepness can be
mounted by the aid of momentum.

There is only one process with which
I am acquainted which supplies a method
of representing on a map the steepness of

a road at every part. Contours, of coures,

show how far one has to go to rise 50 or

100 feet, but as to whether the ascent is

made uniformly or in an irregular man-
ner with steep and level places, they tell

us nothing. Let the course of a road
be indicated by a single line where it is

level, and by a pair of lines where in-

clined. Let the distance between the

lines be everywhere proportional to the
steepness, then the greatest width will

show places of intermediate steepness,

the crossing of the lines, which must be
distinguishable from one another, will

show where the direction of the slope

changes. Further, the size of the figure

bounded by the two lines will show the
total rise ; a great height being reached
only by great steepness or by great
length, a large figure being formed only
by great width or by great length. Those
who are mathematically inclined will rec-

ognize here that I have differentiated the

curve representing the slope of the hill,

and laid the differential curve down in

plan.

Having wandered off my subject, I
must return to more mechanical things,

and give the results of some experiments
which I have made on the balls of ball

bearings. There is no necessity to argue
the case of ball v. plain bearings, the balls

have so clearly won then' case, that it

would be waste of time to show why. Of
the wear of the twelve balls forming one
set belonging to the bearings of the
wheels of my Otto, I have on a previous
occasion spoken ; I may, however, repeat
that in running 1,000 miles, the twelve

balls lost in weight only grain, or
20.8

The wear
amounted to onlv igs\ 00

each ball lost only ^-^ grain
of the surface

inch ; at the same rate of wear, the loss

in traveling from here to the moon would

amount to only -^-r-^- of their weight. I

examined each ball every 200 miles, and
was surprised to find that on the whole
the wear of each, during each journey
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varied very little. The balls experiment-

ed on were a new set obtained from Mr.
Bown. I also bad from bim one ball of

each of the following sizes 3, 4, 5, 6, and
7-16ths of an inch in diameter, as I was
curious to know what weight they would
support without crushing. As a prelim-

inary experiment, I placed a spare T
5j ball

between the crushing faces of the new
testing machine at South Kensington,

and applied a gradually increasing force

up to 7 tons 9^- cwt., at which it showed
no signs of distress. On removing it I

found that it had buried itself over an
angle of about 60° in the hard faces, faces

so hard that a file would not touch them.

Those marks will be a permanent record

of the stuff of which the ball was made.
The ball itself is sealed in a tube, so that

any one who is curious to see it can do
so. Finding that the crushing faces were
not sufficiently hard, I made two anvils

of the best tool steel, and very carefully

hardened them. These, though they were
impressed slightly, were sufficiently good
for the purpose. In the following Table
are the results of the crushing experi-

ments :

—

-£% ball at 2 tons 13 cwt. did not break, but
crushed on removing part of the weight.

J ball at 3 tons 15 cwt. did not break, but
crushed on removing part of the weight.

T
5
^- ball at 4 tons 9 cwt. broke.

f ball at 8 tons 6 cwt. did not break, crushed
under another 120 pounds.

•i ball crushed before 3 tons, with which I

was starting, had been applied. Examination
showed that the steel bar of which it was made
had been laminated.

These experiments do not tell much of

importance ; they are curious, and, per-

haps, of sufficient interest to bring before

your notice. The fragments are all pre-

served in tubes, and labeled so that any-

one who likes to see them can do so.

Of the advantage which a machine
which will collapse or fold up when de-

sired, but retain its form on the road,

offers in convenience, it is unnecessary
for me to speak.

Of double machines, the Rucker tan-

dem bicycle seems to me to be in every
respect the best, but I should add that I

speak only from imagination and not from
experience. The independent steering,

the impossibility of capsizing forwards or

sideways, the position of the rider over
his work, the absence of any little wheel

with its mud-throwing and vibrating ten-
dencies, combine to make a machine
which ought to be superior in almost
every desirable quality to any other

;

what it may be in practice I hope to hear
in the discussion.

Of double tricycles, the Sociable has
been tried by many, and is practically a
failure in so far as traveling quickly and
easily is concerned. The Tandem, though
it presents so objectionable an appear-
ance, seems likely to become a favorite,

for it surpasses any single tricycle, and
rivals the bicycle in speed. How it may
conrpare in comfort or in safety with the
single machine, perhaps those few who
are well acquainted with them will say

;

at any rate, in the case of the Humber,
greater stability is given to the steering
owing to the weight of the front rider.

Time will not allow me to say more of

these machines, or to attack the subject
of steam, electric, or magic tricycles,

which I had hoped to do. With steam
and electricity we are well acquainted

;

by magic tricycles, I mean those driven
by a motor which, without any expense,
will drive one twenty miles an hour, up
or down hill, with perfect safety. High-
way regulations, and certain reasons not
well understood, have at present prevent-
ed these contrivances from making a
revolution.

There remains one machine which must
be considered separately, for it cannot be
classed with any other. This is the Otto
bicycle. My opinion of this machine is

so pronounced that I do not care to state

it fully. I shall merely give the reasons
why I prefer it to anything else, and in

so doing I shall be taking the first step

in the discussion, in which it will be
interesting to hear from riders of other
machines the reasons for their preference.

In the first place, the evils of a third

or little wheel, the cause of trouble in all

tricycles, are avoided. There is none of

the vibration which makes all other ma-
chines almost unbearable to Ottoists, vi-

bration which tricyclists have learned to

consider a necessary accompaniment of

cycling, but which has, no doubt, been
diminished by the use of the spring sup-

port of the front-steering Humber. It

would be presumptuous in me to make
any remarks on the effect of this vibra-

tion on the human system ; we shall all

be anxious to hear what our Chairman
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has to say on this point. By having only

two wheels we have only two tracks, so

that we can travel at a fair speed along
those places in the country called roads,

which consist of alternate lines of ruts

and stones, where a three-track machine
could not be driven, and where, from the
quantity of loose limestone in the ruts, a

little wheel of a two-track tricycle would
be likely to suffer. By having no little

wheel, we can ride in dirty weather with-

out having the rest of our machine pelted
with mud, so that cleaning takes less time
than it does with anything else. As I
have already remarked, the small wheel
is the culprit which makes the bicycle

and tricycle drive so heavily on a soft

road. The ease with which the Otto can
therefore be run through the mud, aston-
ishes everyone. Having no little wheel,
we can obtain the full advantage of the
high 56 inch wheel, which almost every-
one prefers. As I have ridden all com-
binations, from a 50-inch geared up to

60-inch, to a 60-inch geared level, I can
speak from experience of the increased
comfort to be derived from these large
wheels, though for speed only they do not
compare with the smaller and lighter

wheels geared up. A further point gained
by the use of two wheels only is the fact

that the whole weight of machine and
rider is on the driving-wheel, as it is also

on the steering-wheels, so that by no
possibility can the wheels be made to slip

in the driving, or to fail in steering from
want of pressure upon them.
The most important consequence, how-

ever, is the absence of any fixed frame.

In all machines, bicycles and tricycles,

with the usual fixed frame, a position is

found for the saddle, which is, on the
whole, most suitable. For some particu-

lar gradient it will be perfect, on a steep-

er gradient the treadles will be further in

advance, but with a steeper gradient the
rider should be more over the front of

the treadles. To get his weight further

to the front, he has to double up in the
middle, and assume a position in which
he cannot possibly work to advantage.
The swinging frame of the Otto carries

the treadles, of necessity, further back, so

that the Ottoist when working at his

hardest, is still upright, with his hands in

the line between his shoulders, and his

feet and his arms straight, so that he can
hold himself down, and employ his
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strength in a perfectly natural position.

On going down a slope, the fixed frame
of a bicycle or tricycle leans forward, and
places the rider in such a position that

extra weight is thrown on his arms and
shoulders, whereas the swing frame of

the Otto goes back, and the rider of

necessity assumes that position in which
his arms are relieved of all strain. In so

far as the general position taken by the

automatic Otto frame is concerned, nearly

the same effect can be obtained by using
the swing frame of the Devon tricycle,

which can be shifted' and locked in any
position which the rider wishes, or by the

sliding saddle which can be slid back-
wards or forwards and locked so as to

place the rider in one of three positions.

Though the rider can by these devices

assume nearly that position with respect

to the treadles which is most advantage-
ous, he cannot obtain that curious fore

and aft oscillation made use of by the

Ottoist in climbing hills, which, as the
model on the table shows, enables him to

get past the dead points without even
moving, and which, therefore, makes the

Otto by far the best hill-climbing machine
there is, if account is taken of the high
speeding with which all Ottoists ride.

This is a proposition which none who
knows the machine will question for one
moment.
The freedom of motion resulting from

the swing of the frame of the Otto gives

a pleasurable sensation, which those who
have only experienced the constrained

motion of a three-wheeler cannot even
understand.
The very peculiar method of driving

and steering which seems so puzzling to

the novice, especially if he is a good rider

of other machines—for in that case he is

far worse off than one who has never rid-

den anything—give the rider, when he is

familiar with them, a control over the ma-
chine which is still surprising to me. In
the first place, the machine will run along
straight, backward, or forwards, so long

as the handles are let alone. This auto-

matic straight running is a luxury, for till

a deviation has to be made, the steering

handles need not be touched, and the

rider may, if sufficiently confident, travel

with his arms folded or his hands in his

pockets. The rigid connection between
the cranks and the wheels does away with
all the back-lash, which is so unpleasant
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with chain or toothed-wheel gearing.

There is no differential gear or clutch, but
the machine possesses the advantage of

the clutch over the differential gear when
meeting with unequal resistance on a

straight course, for each wheel must travel

at the same speed ; but, iu turning a cor-

ner, instead of driving the inner wheel
only, which is done by the clutch or both
wheels equally, which is the case with
differential gear, each wheel is driven, but
the outer one more than the inuer. At
high speeds, the steering of the Otto
has this advantage* that whereas, with a

given action on a tricycle, the same devi-

ation will be effected in the same space at

high as at low speeds, the same action on
the Otto will, at high speeds, produce the

same deviation in the same time as it does
at low speeds ; and so instead of becom-
ing more sensitive at high speeds, as is

the case with the tricycle, the steering of

the Otto remains the same. This is be-

cause the steering of the tricycle depends
on a kinematical, that of the Otto on a dy-

namatical principle.

In another respect, no machine can ap-

proach the Otto ; at almost any speed the
rider can, if there is reason, instantly dis-

mount, by which action he puts on the
brakes, and the machine will save him
from falling, stopping with him almost in-

stantly. As is well known, we can move
backwards and forwards, we can twist

round and round in our own width, or

can ride over bricks with impunity.

One objection to the machine is the
difficulty of learning, which is consider-
able, but which presents no danger. This
difficulty has been much exaggerated, for

before the present powerful brake was ap-
plied, it did require considerable skill to

ride it down a steep hill. The way to do
this must still be learnt, but it is now com-
paratively easy. For going down steep

hills, the front-steering tricycle is without
a rival ; I do not know what other ma-
chine will do this better than the Otto.

Lastly, the foot straps, which would be
a great advantage on any machine, if only
they were safe, are not—though none but
riders will believe it—in any way a source
of danger on the Otto. Having ridden
this machine for close upon 10,000 miles,

I can speak with more authority on this

point than can those who are not able to

sit upon it for a moment.

The only disadvantage which the ma-
chine presents is the fact that it is im-
possible to remove the feet from the ped-
als while running without dismounting

;

but though they must at all times follow

the pedals, the Ottoist is not, as is gener-
ally thought, working when descending a

hill.

The enthusiastic terms in which every
one who has mastered the peculiarities of

the Otto speaks of it would be considered
as evidence in its favor, if we were not all

considered by other cyclists to be in vari-

ous stages of lunacy.

THE SEWERAGE AND REFUSE-DISPOSAL OF TOWNS.
By Pkof. VIRCHOW.

From Abstracts of the Institution of Civil Engineers.

At the tenth meeting of the German
Health Society, the following six theses
were submitted by Professor Virchow, of
Berlin, with a view to their discussion,
but not for formal adoption.

1. Water-cleansing and water-seals are
essentially needed for soil-pipes in houses.

2. Long-continued storage of fecal mat-
ters, either in middens or cesspools, in

boxes or in tubs, nrast be avoided.

3. Choice may be made, in accordance
with local circumstances, either of the di-

rect removal of the excreta from dwelling's

in tubs, or of their discharge into closed
channels or drains.

4. The introduction of sewage into

public watercourses is in all cases objec-

tionable. In towns having upwards of

100,000 inhabitants, this practice should
in no case be permitted. In towns under
100,000 it should only take place where
the conditions of current-velocity are es-

pecially favorable, and then only when
proper precautions are adopted for disin-

fection and defecation.

5. The introduction, also, into public
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watercourses of street and house drain-

age water, in the case of large and mod-
erate sized towns, should only be per-

mitted after thorough deposition of the

sediment, which process may require to

be further aided by chemical treatment,

in accordance with the quantity and qual-

ity of the water which has to be dealt with.

6. The agricultural employment of fecal

.matters must be subject to strict sanitary

supervision ; but no more should be ex-

pected from sewage grounds, in the vicin-

ity of towns than what has been insisted

upon in the case of ordinary agricultural

operations of a like nature.

In dealing with the first proposition,

Professor Virchow stated that even Cap-
tain Liernur, who had been foremost in

asserting the sufficiency in his closets of

a seal consisting of urine, had recently

abandoned this position, and had ad-

mitted the advisability of the use of water.

With respect to the second proposition,

he pointed out the impossibility of ensur-

ing the necessary sanitary conditions

when any system, hitherto introduced, of

storing excrement in the vicinity of dwell-

ings was resorted to. Even in the case

of tubs the intervals of removal were fre-

quently so lengthy that dangerous de-

composition might arise.

The three following theses are inti-

mately connected, and Dr.Virchow alluded

to the difficulty of removing polluting in-

gredients from water, and stated that he
was greatly opposed to the discharge of

fecal matters into streams. The self-

cleansing powers of rivers, upon which so

much reliance has been placed, have, he
believes, been much exaggerated. Ex-
periments at the Berlin sewage-farm have
proved how rapidly a certain degree of

improvement in polluted water may be at-

tained, but they have also demonstrated
how long and how far the evil effects of

river-pollution may continue. He ob-

served a growing tendency on the part of

towns to resist the cost involved in deal-

ing with polluted water ; but, to prove its

necessity, he stated that towns situated

on the sea coast, where the speedy dis-

charge of sewage into the sea would be
considered the most ready way out of the

difficulty of dealing with this question,

were gradually calling for some better

plan of disposing of their sewage. He
noticed the difficulty of persuading agri-

culturists of the value of sewag-e water,

and insisted on the need of providing
sewage-grounds independent of the sur-

rounding farmers, who will only take the

sewage-water when it suits their purpose,
and who frequently reject it when the

town is most desirous of sending it to

them.
With respect to his final proposition,

he showed that often enough no difficulty

is made when farmers apply excremen-
titious matters to their land, and which,

when washed into streams and rivers by
heavy rainfall, may give rise to wholesale

pollution, whilst the least discharge of

sewage into streams by towns is made the

occasion of widespread complaint.

The Electromotive Foece of Accumtjxa-
toes.—M. Reynier, the well-known elec-

trician, has made experiments on three systems

of secondary battery : (1) the Plante accumu-
lator of reduced lead, peroxide of lead, and
sulphuric acidulated water

; (2) the copper ac-

cumulator of lead, copper, lead peroxide, acid-

ulated solution of sulphate of copper
; (3) the

amalgamated zinc accumulator of zinced lead,

lead peroxide, acidulated solution. His object

was to test the electromotive forces of the com-
binations and find there variations of sulphate

of zinc. The accumulators were not completely

formed. The electromotive forces were meas-
ured during charge and discharge by the method
of equal deflection. His results confirm those

formerly obtained by M. Gaston Plante, and are

as follows : (1) In the three systems of accumu-
lators studied, the secondary electromotive force

is notably more elevated during charge than

during discharge. The ratio of the smallest of

these values to the greatest may be called the co-

efficient offall. It is a factor of loss which ef-

fects the efficiency of accumulators. (2) The fugi-

tive super-elevation of the electromotive force

augments with the intensity of the charging

current and the electromotive of the source.

(3) In the Plante accumulator the electromotive

force is at least 1.95 volts during the charging

and at most 1.85 volts during the discharge.

The coefficient of fall is therefore 0.95 under

the most favorable conditions. (-4) In the cop-

per accumulator the electromotive force is at

least 1.43 volts during charging and at most
1.25 volts during discharge. "The coefficient of

fall is therefore "0.87 under the most favorable

conditions. The copper accumulator is that

which loses most. (5) In the amalgamated zinc

accumulator the electromotive force is at least

2.4 volts during charging and at most 2.36 volts

during discharge. The coefficient of fall is

0.983 in the nibst favorable conditions. The
a/malgamated zinc accumulator is that which
loses least. (6) In practice the losses due to

variations of electromotive force will be greater

than are indicated above, because the times of

charging and discharging are generally more
rapid than correspond to these experiments.

f
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THE SYSTEMATIC DIVISION OF LAND-
STUDY.

A PRELIMINARY

Br HOSEA PAUL.

From the Journal of the Association of Engineering Societies.

When new territory, especially if of

considerable extent, is put into the mark-
et, a systematic division is not only pos-

sible and practicable, but its advantages
are so manifest that in modern times
something of the sort is universally at-

tempted with varying degrees of success.

It is not difficult to hit upon some sys-

tem that will be better than the haphaz-
ard selection that would proceed in the
absence of any plan. It is so easy to

accomplish this much that the subject is

rarely a matter of thoughtful considera-

tion or intelligent action, what is done
being either in haste or left to incom-
petent hands, which circumstance may
perhaps serve as an explanation why
there are so few examples in laying out
land, either in country or city, where the

full capabilities of systematic division

are fully brought out.

Systematic division might be defined

to be the laying out of land into simple,

regular geometrical figures, preferably
rectangles of nearly uniform extent, and
described by numbers recurring in regu-
lar order. It deals not only with the

present, but to secure the best results

it must in a measure forecast the future

and provide for its needs ; it must regu-
late yet not cramp the free play of indi-

vidual action, by giving grooves and
channels to lessen friction.

Among the advantages to be derived
from systematic division might be enu-
merated :

1. By its providing for present re-

quirements parcels of suitable size ready
and convenient for examination and oc-
cupancy, without the delays caused by
special selection, the consequent bar-
gaining, and the necessity of special sur-

veys.

2. By its recognizing the possibility of

and providing for its future division into
still smaller parcels.

3. Inasmuch as any regular figure will

include land of varying worth, there will

be a better opportunity of disposing of

those portions of little value separately

in connection with other parts which are

more desirable. For instance, a rocky
hillside, unsalable separately, may prove
a useful addition to a lowland farm for

pasturage, the growth of timber, or be-

cause of springs of water. In this way
the seller can avoid the accumulation of

undesirable remnants.

4. A regular division will better accom-
modate the uses to which land may be
put either for the growing of crops, or
erecting buildings upon. It aims to pi*o-

vide for " the greatest good of the great-

est number."

5. Few advantages of regular division

are so obvious, so striking and important
as the increased ease and greater pos-

sibilities in the way of graphic represent-

ation.

6. This graphic representation is pos-

sible at the beginning, often as fully as

needed for many purposes without other

surveys than those actually made in lay-

ing out the divisions.

7. The surveys may be mainly shown
by maps covering a considerable number
of the divisions and the necessary facts

of direction and distance noted in the

lines themselves. Such maps can be
easily copied or published, and convey
almost at a glance an amount of informa-

tion that would otherwise occupy a large

and usually widely scattered spaces in

written records of deeds.

8. Simplicity of description. The
number of the parcel being given, the

length of lines, acres, etc., can be omitted

as information shown by the map, and
usually expressed in better terms than

by words attempting to transcribe from
it.

9. By means of the greater ease of

graphic representation the burden of

taxation can be more equitably adjusted -

y

each owner's interest can be marked off,

and in this way none need be overlooked

or forgotten.

10. Greater simplicity, uniformity and
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certainty in the work of the surveyor,
]

the regular divisions being used as a

means of correction, adjustment and veri-

fication.

Although something of a regular sub-

division of land has been possible in the

United States ever since its first occu-

pation by Europeans, very little in this

direction was attempted in early colonial

history, probably because its advantages
were not appreciated as in later times.

The early settlers in New England in

this respect did not advance much be-

yond English customs. Much of this

country is rocky and broken, and that

was first reclaimed from the wilderness

that seem best adapted for the plow, and
the fields were consequently often of ir-

regular outline, and the fashion of the

times was to build stone walls after the

English practice, not only for their per-

manence, but as a good way of ridding

the fields of unwelcome bowlders. An
inspection of village plans will show great

irregularities, and to one accustomed to

regular lots and rectangular crossing of

streets such plans are a curiosity. Not
only are the lot lines twisted about to an
unnecessary extent, but the sides of the

streets or highways are not always paral-

lel to each other, or for that matter to

anything else, but each side winds about
regardless of its fellow.

In the State of New York there were
formerly large holdings of a semi-feudal

nature in several counties in the central

part of the State. The patroons, as the

holders of these large estates were called,

leased out their land, refusing to sell. In
the course of time the tenantry became
dissatisfied and the landlords not yield-

ing to their demands, the famous anti-

rent agitation of 1840-46 was inaugu-
rated, and though there were some agra-

rian outrages, the movement, which in

some countries might have amounted to

an outbreak or insurrection against

constituted authority, took a political

form and became a complete success, ef-

fectually breaking up such an unrepub-
lican system. It is believed that the
division of this territory is quite irreg-

ular.

One of the earliest examples of divi-

sion by number on a large scale is that
afforded by the Holland Land Company's
large tract, which embraced several mil-

lion acres of land in Western New York

and North-western Pennsylvania. The
name is derived from the fact that

among those who, at various times dur-
ing the progress of the revolutionary

war, loaned money to the Continental
Congress, were certain bankers in the old

and wealthy Dutch city of Amsterdam.
After the close of the war, being without
other resources of repayment, this large

territory was granted to a company com-
posed of Harm Jom Huidekoper, Wil-
helin, Willink and others. The divisions

were termed tracts and designated by
number. They usually contain about
four or five hundred acres, being about a

mile in length, a common form being a

mile east and west by fifty chains north
and south. The dimensions and directions

seem, however, to be often varied without
other apparent causes than those aris-

ing from imperfect surveys. The shapes
of the tracts were sometimes made long
and narrow to secure a frontage on some
river, as is often done in the early French
grants so common in Canada, and some-
times recognized and perpetuated in our
public land surveys.

A very common practice in the wild

and mountainous parts of Pennsylvania
is to divide the land into tracts contain-

ing about a thousand acres. In some
places, however, the State lands do not
appear to have had any division at all.

To encourge sale and settlement a sort

of pre-emption or homestead right was
given to whoever would settle and im-

prove them. In due time an official sur-

veyor would be called up to mark out a

tract of such shape as might strike the

settler's fancy, the main object being to

inclose as much good land as possible,

and leave out what seemed to be sterile

and worthless.

Very often these claims were volunta-

rily abandoned before being paid for, a

not uncommon thing in pioneer experi-

ence, and subsequent settlers ran new
lines more in accordance with their own
notions, but when once established they

had to be followed by others. As may
be imagined there was and still remains
some confusion and overlapping of hues,

and many nooks and corners were left

out until the land became more valuable.

Though these surveys were recorded,

complete maps of such territory are very

unusual, and some of the land is un-

taxed. The unit of measurement used is
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the perch, divided into tenths, and for

every acre sold six per cent, is added or

"thrown in," for instance, an hundred
and six acres is described as one hundred
acres, " together with the usual allowance

of six per cent, for roads," etc. With-
out this allowance it is called strict meas-

ure.

The "Western Reserve of Ohio is a dis-

trict which is comprised of the counties of

Ashtabula, Trumbull, Mahoning, Lake,

Geauga, Portage, Cuyahoga, Summit,
Lorain, Medina, Erie and Huron, with a

part of Ashland. About the beginning
of this century this territory passed into

the hands of the Connecticut Land Com-
pany, which was organized in 1795, with
a capital of $1,200,000, there being 4,000

shares of 33,000 each. The purposes of

the organization were merely temporary,
inasmuch as instead of selling out the

land, and dividing the proceeds, a parti-

tion of the same was at once instituted

and carried into effect. Townships five

miles square were laid out and numbered
as ranges and towns, the ranges west-

ward from the Pennsylvania line and the

towns northward from the forty-first par-

allel of latitude, a system similar to that

just previously introduced in the survey
of the public lands adjoining. The
township might be called the unit of the

land company's division, the theory being
that the townships were of equal value,

inasmuch if by reason of an undue propor-

tion of swampy or waste ground any one
of them was deemed less valuable than the

others, the adjustment was made, not by
changing the price, but land in another

township was added to it to bring it up
to the average, the process being called

equalizing, and those townships which
were cut up into strips or parcels for such

a purpose were called equalizing town-
ships. The townships in this way having
been brought to an average value, they
were drawn by lot by the shareholders

;

and when this was done, the main ob-

ject of the company was accomplished.

The only surveys made by the company,
therefore, were such as were required for

this purpose, dividing the townships only

where necessary for equalizing, and in

such further division as was necessary to

put the land into market, each proprietor-

acted as he saw fit. Generally speaking,

without noting exceptions, if a township
had a single proprietor it was divided

into lots of from one to two hundred
acres each. If there were several pro-
prietors, the interest of each were called

tracts, being designated by number, loca-

tion as to north, south, east, or west, or
taking a name from that of the owner,
and their further divisions were known
as lots. The survey of the townships by
the Land Company was begun in 1797,
and mainly finished in the course of four
or five years. The division of the town-
ships was begun immediately afterward,

and very generally completed in the next
ten years, or by L815.

In some cases the owners of the tracts

were in no haste to make sales, and conse-

quently no division was made until a re-

cent period. Other owners made sales

from time to time without ever making a
general survey or adopting a uniform
plan.

In Summit county is the Portage Path,
an ancient Indian trail about eight

miles long connecting the waters of the
Cuyahoga and the Tuscarawas. This
trail passes near the city limits of Akron
and crosses the water-shed between the
St. Lawrence and Mississippi basins. At
the beginning of this century it was a

well-worn footpath through the forest,

and as such it had been used by the
Indians for a longer time than their tradi-

tions extended. It was so well-defined

a highway that it was often a dividing

line between tribes, and for a number of

years was by treaty the line of white
supremacy. Probably every vestige of

the trail itself has now disappeared, but
by surveys its location is fairly established

and marked, a necessary circumstance,

inasmuch as this ancient trail of the savage
is the line of individual ownership to-

day.

That part of the Reserve embracing
500,000 acres covering Huron, Erie and
parts of Ashland and Lorain counties,

which is known as the Fire Lands, was
granted to the inhabitants of New Lon-
don and other towns in Connecticut, who
had sustained losses mainly by fire from
the incursions of British troops during
the revolutionary war. The loss of each
individual having been determined, their

interests were placed in the hands of

trustees who, following the example of

the Connecticut Land Co. in the other
part of the reserve, made an actual par-
tition of the land and distributed it by
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lot, the partition, however, affording much
smaller parcels. The first division was

to cut the township into four quarters

called sections, and numbered thus

—

3

/ 4

2

1

Each section would therefore contain
about four thousand acres.

These were again subdivided into tracts

and lots, and although no great uniform-
ity was observed it had the advantage of

being done by one authority and at one
time, and what is of scarcely less conse-

quence, very fair maps were made and the
field notes, etc., generally preserved, and
are now extant in a good state of preser-

vation at the recorder's office of Huron
County, the original limits of which for-

merly comprised the whole of the territory

in question.

In this respect at least the trustees dis-

charged their duties more faithfully than
did the Connecticut Land Co., who were
very remiss about getting up maps, hav-
ing field notes kej)t, much less to preserve
them; and as for the private survey of

townships, the taking of field notes and
the compilation of maps was something
that rarely received proper consideration,

and sometimes none of any consequence
were ever prepared, others have been lost

and others are comparatively inaccessible

to the public, being in the hands of private
persons, who consider them little better
than old rubbish that they are gradually
getting rid of. The only systematic at-

tempt to collect these maps and papers is

that made by the Western Eeserve His-
torical Society.

The execution of these early surveys
was often very imperfect. The instru-

ments used consisted of a two-rod iron
chain and a small compass with a needle
four or five inches long. Though the
surveying party usually consisted of but
four men, besides cooks, packmen, etc.,

the lines were run with great rapidity,

sometimes ten or twelve miles a day. The
surveyor would plant his Jacob staff in the
ground, place the compass upon it, level it

with the needle (the only means afforded),
then setting it in the desired direction,

instead of sighting to a pole or staff held

by an assistant, would pick out such tree

or other object ahead that was on or near

the line of sight. A glance was usually

sufficient, and then the surveyor would
set out to the point observed to repeat

the process, while the chainmen and the

marker would follow after, the latter

blazing such trees as were within his

reach. Though the country was thickly

wooded, it was often comparatively free

from undergrowth. It was often possible

to see to a considerable distance, so that

with a little care the lines could be made
straight for some distance; and, the ground
often being neai'ly level, could be meas-
ured with considerable accuracy. Such
results were, however, rarely attained, and
in many instances the imperfections are

so great as to be best accounted for by
the old traditions, that the whiskey car-

ried to prevent the bad effects of the bites

of the then numerous rattlesnakes some-
times got into the heads of the whole
party without improving the character of

the work.
It is doubtful, taking into consideration

the better general surface of the country,

whether the actual work of the surveyor

on the Western Eeserve of Ohio was as

well done as on the Holland Tract, and it

is believed the records are not as perfect

;

but there was one great advance made,
and that was in laying out regular num-
bered townships. Both were faulty from
the absence of any well-defined plan of

numbering tracts, and still more so in the

neglect of the consideration of future sub-

division.

One feature of the partition of the Ee-
rerve seems to be especially novel, and
that was the ingenious method of equal-

ization heretofore described, by which the

units of division that had been determined
upon were kept uniform. This principle

could be adopted with advantage in a

great variety of circumstances where land

is partitioned off in severalty among those

who have hitherto owned it in common

.

In attempting to adjust the different in-

terests to the varying value of the land.

regularity and symmetry of form are

usually lost sight of, and thus a perma-

nent disfigurement of outline may result

from a merely temporary cause, that might
be easily avoided if, instead, a regular di-

vision is made, with uniform units, mak-
ing; the divisions of average value bv add-
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ing fractional parts from divisions reserved

for such a purpose.
Connecticut, though perhaps the most

persistent and unfair of them, was not the

only claimant of the northwest territory.

Virginia asserted her right to a portion of

it, and there was, in consequence, granted

to that State certain lands in Ohio lying

between the Scioto and Miami rivers. It

was set apart for the benefit of revolution-

ary soldiers, hence the name of Virginia

Military District. No systematic survey

of the territory was made, but the early

settlers picked out the land wherever they

could find any that was vacant, and of

such shape as suited them best, those

coming later being more and more re-

tricted as the process of selection pro-

ceeded. Everywhere there is great vari-

ation in the area of adjoining tracts, and
in hilly districts and along the rivers, espe-

cially, very irregular boundaries. The
tracts are numbered, not, however, in their

geographical order, but merely as to their

time, of location, perhaps the only way
possible under the circumstances, but
rendering the numbering of little practi-

cal use.

THE PUBLIC LANDS.

The plan pursued in laying out the

public lands need not be described here
further than it provides for townships six

miles square, and sections one mile square.

Considering the lack of precedents the

plan is deserving of the very highest

praise.

There is one drawback which many
must have felt if they have never com-
plained of it, and that is the awkward way
of numbering the sections. A more con-

fusing arrangement could not have been
easily found, and many persons after long
practice are unable to mentally locate them
in their relative order. While the ancient

Hebrews wrote from right to left, and the

Chinese arrange their characters in verti-

cal columns, such is not the most con-

venient way for people accustomed to

other methods, and it woidd have been
vastly simpler and more easily remem-
bered if, in numbering sections, they had
been arranged as ordinary writing is

—

something as shown in the plan in the
margin.

In this plan, which might be tei'med a

natural or obvious one, the numbers in-

crease downward by regular addition of

six. This matter of numberiner is here

alluded to, not because a change is now
recommended, or because the plan shown
is a perfect one, but simply to call atten-

tion to the general subject of numbering
—something not without its importance
—as an instance where correct principles

are entirely disregarded. The system is,

however, uniform throughout a vast terri-

tory, and once learned, in connection

with the more simple notation of the

meridians, parallels, townships and ranges,

locations are easily described, and as the

sub-division of a section is well provided

for, definite descriptions of small parcels

of say ten acres can be given without re-

citing the length or direction of a single

1 *2 3 4 5 6

7 8 9 10 11 12

18 14 15 16 17 18

19 20 21 22 23 24

25 26 27 28 29 30

31 32 33 34 35 36

line. This has greatly simplified the

work of the conveyancer, the abstracter,

the assessor and tax gatherer, as well as

that of the surveyor. For the ordinary

operations of the surveyor the sectional

system is admirable. The original field

notes and maps are a matter of public

record, and show very full details of the

length of lines, the meandering of streams

and a description of the corners and bear-

ing trees. The corners of a section or

quarter section once established the sub-

divisions are matters of bisection and
distribution, and thus working from the

whole to parts, bearing a numerical ratio

to it, great accuracy is possible, in partic-

ular those due to imperfect standards of

measure can be almost entirely eliminat-

ed.

In an open or level country all of the

corners along a section boundary can

generally be put into a single line, thus

fixing the position of a line by points
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beyond it in its own direction, and not
depending on cross measurements or

rectangular co-ordinates. In wooded or

hilly districts the half-mile points can be
used instead, and the intermediate points
put in the same way without any un-
reasonable expenditure of time in run-
ning long lines.

The improvement that might be made
in the general plan of laying out the
public lands will not now be discussed.

The more noticeable faults are not so

much of deficiency of plan as those
caused by defective execution of the sur-

veys. Being done on the frontiers of

civilization, the work is at best done at a

disadvantage, and often with considerable
hardship, if not actual peril to those en-

gaged in it. There is little inspection by
competent officials, and still less criticism

through the effective process of public
opinion. As there is competition the
work must be done cheaply, and of neces-

sity rapidly. Patient, thorough work
takes time and money—sometimes so
much that an accurate survey would cost
more than the land was worth.

These contract surveys are, however,
often erroneous beyond all excuse, and
the marking of corners little more per-
manent than the surveyor's own foot-

jDrints ; and, worse still, though full sets

of field notes were returned, they were
made up from imagination, no survey
having been made at all. It is generally
possible, however, to make resurveys, and
thus obviate some of the inconvenience
arising from this source.

That there should be great precision is

not often possible under the circum-
stances under which the most of such
surveys are made is no doubt true, and
the absence of it is not of itself so serious
a matter as many are apt to believe. In-
deed, the thing of most importance be-
sides the prevention of unnecessary and
easily prevented errors, is the conspicu-
ous and permanent marking of corners.
This well attended to, minor inaccuracies
•of measurement and area may be over-
looked as a matter of less importance,
and which can be attended to and im-
proved upon as increased values justify
more accurate surveys.

That the plan of laying out the public
lands is perfect would not be claimed.
Doubtless something of value could be
learned from the experience of Canada

and other countries which have had occa-

sion to solve the same problem. In Can-
ada the principal of decimal division is

recognized, but a description of the sys-

tem is omitted from lack of time to fairly

present it in these limits.

But the sectional system is so far in

advance of any examples previously af-

forded in any of the older States, it might
be termed, in comparison, perfection it-

self. Nor is it believed on an average
that its execution is worse. It is interest-

ing to observe after the lapse of thirty,

forty or fifty years, or even longer, since

the settlement of particular districts how
closely the lines of ownership follow the
section lines.

Among the earliest of these sectional

surveys are found in Columbiana, Carroll,

Stark and other counties in Ohio. Though
over eighty years have passed, and several

generations have occupied the soil of

these important and thriving civil com-
munities, the sectional divisions are by
no means supernumerary or obsolete, the

most noticeable variations being found in

the hilly districts, where the roads are

necessarily winding, and in some in-

stances the deep ravines have been used
instead.

In the more level districts the varia-

tions are exceptional, and in many coun-
ties in States farther west such variations

are almost unknown.
The credit of designing the public land

system has been usually awarded to Col.

Jared Mansfield, Surveyor General of the

United States. The great Jefferson, it is

said, also honored the subject with his

attention, and doubtless each of these

and others did something toward perfect-

ing and shaping the plan adopted, but
Col. Charles Whittlesey, an authority of

the very highest respect, in his valuable

paper on " Ohio Surveys,'' recently pub-
lished,* is inclined to award the palm to

Thomas Hutchins, as the man in whose
brain the conception first found lodgment.
and who was one of the instruments in

having it adopted. The honor is a great

one, and his name may be fitly listed on
the roll of great benefactors of mankind.

Hutchins was a captain in the Sixtieth

Royal Regiment, and engineer to the ex-

pedition under Col. Henry Bouquet, in

1761, during which time, in the lonely

* Transactions Wes. Res. & X. O. Historical Societv.
Tract No. 59.
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forests of Ohio, remote from the scenes

of civilized life, and from contact with
men or their accumulated experience, as

recorded in books, he evolved in his mind
the outline of the plan which was after-

ward adopted with but little change dur-

ing the time he was geographer to the

confederation, an officer similar to the

surveyer-general, afterward filled by
Mansfield. Hutchins died in Pittsburgh
in 1788, and his remains lie unnoticed in

the cemetery of the First Presbyterian
Church of that city. History has certain-

ly done him scanty justice, and it is worth
while to have said a few words to do
something toward rescuing his name
from oblivion.*

The principle of rectangular division

was adopted at a very early period in

laying out American cities, the most no-
ticeable exception being in Boston. New
York, Philadelphia and Chicago are laid

out with great regularity, and even in

Boston the newer parts are laid out in

the same fashion. In the western cities

the public land system affords an excel-

lent basis. In Chicago, for in stance,

many of the well-known thoroughfares,
such as Madison, Twelfth, Twenty-sec-
ond, State and Halsted streets, and Ash-
land and Western avenues, are upon sec-

tion lines, and many of the other streets

are upon regular fractional divisions of

them.
The rectangular system has been criti-

cized mainly from its lack of convenience
when it is desired to take a diagonal
course, and on account of its supposed
offence to an artistic or an aesthetic taste.

To meet this latter objection some towns,
mostly suburban, have been laid out, an
instance in point being Riverside, near
Chicago, where the lines of the streets

are made up of curves something in the
manner of the walks or drives in a park
or cemetery. However well such an ar-

rangement might suit for residence with
ample grounds, it might be quite another

* Since the above was written there has appeared in
a recent number of this Journal, Vol. 2, p. 282, an inter-
esting and valuable article on "The Origin and Au-
thorship of the Present System of Government Land
Surveys," by H. C. Moore, of St Louis. Mr. Moore has
looked up at the Marietta, O., University some of the
original papers of Gen. Rufus Putnam relating to the
Ohio Company's purchase, in which the plan is out-
lined as early as 1783. To fully settle the question is a
matter requiring further research. Very possibly the
result of such investigation would be that the honor
is to some extent a divided one, inasmuch as the plan
may have been developed,.modified and changed by
different persons.

thing for small lots and business centers-

It would at least require greatly increased
care in making the surveys, or the res-

toration of lost lines be very difficult and
uncertain.

Some writers urge that the web of the
spider offers us a most admirable plan,

and the national capital has been laid

out with some reference to this theory,

another instance being the little city of

Watertown, New York. In Cleveland
there is also something of the same sort,

though fan shape would perhaps better

describe the flare or gradual divergence
from parallelism exhibited by Superior,

Euclid, Garden and Woodland streets-

and avenues. If it were a fact that every-

one must daily or constantly go to a cer-

tain point—say, for instance, to the post

office—no arrangement could be better,.

and anything else would be so exaspera-

ting as to force the opening of new avenues
to bring it about.

Such is rarely, however, the case. The
business and manufacturing interests of

a modern city are often widely scattered,

and rarely tend to a common focus so

definite as to require any such arrange-

ment. There are east sides and west
sides, north ends and south ends, up-
town and downtown, water fronts and
railroad fronts—each with its own inter-

ests and attracting its special following.

The advantages of representing upon
paper the ownership of land are so varied

and serve so many public ends, that in a.

progressive community it is regarded as

something indispensable. One of the first

attempts of this kind was when, nearly nine

hundred years ago, in the reign of William
the Conquerer, the celebrated Doomsday
Book was prepared. Officers were ap-

pointed to traverse the kingdom and
make out a list of the landowners (loyalty

to the sovereign being, of course, a con-

dition of ownership) and their posses-

sions, something after the manner of the

modern assessor. The book is still ex-

tant, and has always been regarded as

an authority almost as conclusive as in-

spiration, the object for which it was pre-

pared being to inform the monarch of the

resources of his kingdom, and on whom
he might call for support.

It is something over one hundred
years ago since the British ordnance sur-

vey was begun. Its original object was
to make a map of the kingdom for the
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use of the military authorities ; but, as

it progressed, its scope has been en-

larged, until its aim is a complete and
thorough representation of the topog-
raphy of the kingdom. The fullness of

its detail may be judged by the scale

used, that for the whole country be-
ing 2-3V0 , and for villages and towns T^w.

It would seem possible, from such a map,
to make a very close approximation of

the proper route for a railroad or similar

public work.
In this country the preparation and

publication of maps, except of the sea
coast, the great lakes, and some of the
uninhabited territories and mineral dis-

tricts has been mainly through private en-

terprise, which has rarely conducted sur-

veys of any consequence ; and, where
there are no regular divisions, such maps
are necessarily incomplete to an extent
that something more thorough and ex-

tensive is now a well-recognized public

need, and, with the constant reiteration

of the demand, may be set down as very
likely to be early undertaken. But,
whether such a general survey is

made or not, the existing divisions, espe-
cially the regular ones, should be kept
up. They are the framework or skeleton
to which all ownership clings, and the
preservation of their corners and their

restoration and marking when lost may
well, and ought to, receive the attention

of the State, and be no longer left to the
caprice of individual interest.

Whatever may be accomplished in a
general way by geodetic and trigonomet-
ric surveys, the importance and necessity
of which need not be undervalued, how-
ever fully and satisfactorily they may
solve various interesting and important
scientific questions, as, for instance, the
figure of the earth, as well as serving
many practical ends in map-making and
the accurate determination of levels, the
representation of contours, and in so
many other ways justify their existence
to an extent that will make their cQst
seem insignificant in comparison to the
results attained. It is, I think, a grave
mistake too generally prevalent to sup-
pose that the lines laid down by such
surveys will ever be generally relied upon
to establish the lines of individual owner-
ship. In the nature of the case the lines

of a ti-igonometrical survey are largely
artificial ones, made for a particular occa-

sion, and, however carefully selected and
good originally, in the lapse of years may
become wholly unsuitable by reason, for

instance, of the erection of buildings or

the growth of trees. The initial points,

too, will often occur in fields, or at points

where no one is specially interested in

their preservation or to be informed of

their whereabouts, or, if often resorted

to, might cause complaint from the far-

mer who might find it convenient to have
them removed. It must be borne in mind
also that were such points used, and the

angles turned from them, it would still

be necessary then as now to actually run,

measure and mark the property lines, for

that indeed is the object for which nearly

all land surveys are made. In actual prac-

tice the accurate determinations of and
marking of lines of the various trigono-

metrical surveys has not often been car-

ried down far enough to make them con-
venient for such use, much of the detail

work having been done with the plane
table. The restoration of lost boundaries,

too, is often a question of evidence, much
of which can only be found on the line

itself. Such is the rule of law, the final

arbiter, to which all must submit when
controversy ensues.

~^Tew Methods of Producing Steel Plates.
_i_N —Dr. Henry Muirkead, President of the
Physiological Society of Glasgow, has recently

brought before that body some particulars of a
method of manufacturing steel plates for ship-

building and boilermaking purposes which is

of much interest, although its leading feature

is not a novel one. It is the invention of Mr.
Joseph Whitley, of Leeds, who has erected
works for prosecuting the manufacture. Briefly

describing the process, Dr. Muirhead said, a
hollow metal cylinder, lined with ganister or

other brick, revolves at high speed, the axis be-
ing horizontal. A gutter or rhone perforated
with holes passes into the interior, along its

whole length. Into this gutter is poured molten
mild steel, which, escaping through the holes,

is carried round by the swiftly revolving case,

and is formed into an inner cylinder of steel of

an inch or more in thickness. This cylinder.

while still hot, is drawn, cut across by mean? of

a saw, put into a rolling mill, and rolled to the

length and thickness required. Writing to Dr.

Muirhead, Mr. Whitley said: ''Required a
plate for shipbuilding : then, given a mould 5

ft. in diameter and 5 ft. long, in it I cast a cylin-

der an inch thick. This when taken out and
cut is fully 15 feet long and 5 ft. broad. It is

then rolled down to half an inch in thickness.

Such a plate is then 30 ft. long and 5 ft. broad.

The present mould is 9 ft. long and ft. in

diameter. With it I successfully cast a mild
steel shell weis-nino- about 30 cwt."
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YACHTS AND YACHT SAILING IN 1884.

From the " Nautical Magazine."

It is said that the season which has

just commenced is likely to be a good
one for yacht racing, that contests prom-
ise to be more than usually numerous
and prizes more than ordinarily valuable.

The old British cutter rig reigns supreme,
schooners and yawls being scarcely heard
of. It appears that the extreme types of

the last few years are only giving way to

something more extreme, and that the

divergence between cruising craft and
vessels built for purposes of racing is

greater than ever. The turn-out of the

present year is chiefly in the smallest and
largest vessels ; new three-tonners are

pretty numerous, and there are three

racing craft of the largest size which are

likely to make 1881 a notable year in the
competitions between large cutters. All

of them are composite boats, and we may
say that this system of construction,

combining as it does great transverse
strength with lightness of build, together
with the advantage of coppered bottoms,
is likely to keep its ground for pleasure
craft, the expense of building, which is a
bar to its use for merchant sailing ships,

being of comparatively little consequence
in the case of yachts, while its peculiar
advantages in them are of greater value.

We may first mention the Genesta,
built for Sir Richard Sutton, by Messrs.
Henderson, of Partick-on-tke-Clyde. Her
length on the water line is 81 ft., regis-

tered length 85.6 ft., beam 14.6 ft., depth
of hold 11.75 ft., greatest draft 13 ft., and
register tonnage 74. She is described
as having a very clean afterbody, but
rather fuller forward than other recent
yachts. Her racing tonnage is 80, and
she carries 64 tons of lead ballast, of

which 60 tons is in the lead keel. It was
said that she would sail her first race in

the Royal Thames match from the Nore
to Dover on the 7th June, but she is at

present in Cork, repairing damage sus-

tained in her first sea cruise.

The Marguerite, of 60 racing tons,

launched on the 12th ult., from Messrs.
Inman's yard at Southampton, for Mr.
Foster Connor, has a length of 74 ft.,

beam 13.5 ft., and draft 12.5 ft. She has

a lead keel of 51 tons, and 6 tons of bal-

last inside. Her frames are steel, topside

plank teak, and bottom pitch pine, and it

is said she has a greater sail area than
ever before carried over 13 £ ft. beam.
The Irex is building by Mr. Fay, of

Southampton, for Mr. John Jameson, but
it would appear that she is hardly likely

to be ready for the earlier races of the

season. Her dimensions are—length on
water-line 83 ft., registered length 88 ft.,

beam 15.1 ft., draught 14 ft., register

tonnage 75. She will carry the heaviest

lead keel ever cast, nearly 72 tons. She
also has steel frames.

"These three vessels," says a recent

writer in the Times, to whom we are in-

debted for some of the preceding figures,

" will, with the Eryana, Marjorie,

Vandioard, and Samoeyia, make up a

goodly fleet indeed of heavy weights.

The forties, which showed such grand
sport last season, are not likely to be in

force, but new boats in the twenty, ten,

five, three ton, and the length classes will

invest the battles of those sporting sec-

tions with new life and interest. It is

only reasonable to assume that a forward
movement in regard to speed will be ap-

parent in the three new vessels before

referred to." Of the four vessels named
as conspicuous in last year's racing, the

first two will have more sail area than

previously, and hence it will appear that

both as regards new craft and improve-

ments in old ones there is likely during

the next few months to be keen competi-

tion for prizes.

One feature common to the three ves-

sels, of which we have given the dimen-
sions above, cannot fail to have escaped

notice, the extraordinary amount of lead

ballast and the great depth compared to

beam now characteristic of the racing

yacht. In smaller craft these features are

even more strongly marked. Thus a

new yacht at Plymouth is described by a

correspondent to the Field, as follows

:

—"I judge her to be about 11^ tons dis-

placement, strongly built, with the scant-

lings of a 10-tonner. She has a lump of

lead of about 7£ tons on the keel. She is
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over 30 feet on the water-line, with large

overhang and flare abaft, and will draw 8

ft. How much farther is this 3 -ton folly

going ? " Mr. Dixon Kemp, who has

written so much and so ably upon the

whole question, attempts in a recent

number of the Field to answer the ques-

tion thus put by reference to a design to

which has been given the name Ne plus

ultra. It is intended to show the longest

and narrowest yacht possible under the

present Yacht Racing Association rule

which a crew could live in, unless, as her

designer says, " a man succeeds in get-

ting a thin crew accustomed to sleep on
their sides, and who would not mind
coming on deck to turn round." This

reductio ad absurdum of modern yacht

construction, described by Mr. Kemp as

"the plank on edge," has a length on
water line of 38.5 ft., beam 3 ft., and draft

11 ft., her load displacement being 19.8

tons, of which 15 tons is lead ballast on
the keel. The tonnage by the Yacht
Racing Association rule is, as we have
indicated, 3 tons ; in fact, a start is made
with 3 ft. beam, and then to give 3 tons

by the formula,

(length 4- beam) 2 X beam
1,730

the length necessary is 38.5 ft. By the

Royal Thames rule, which is even still

more applicable to present types, and of

which the formula is

(length—beam) X beam X ^ beam

94

the tonnage is 1.7, while by the sail area

rule, at present admitted as an alternative

rule by the Association, the tonnage is

12. The formula for the sail area rule is

length X sail area

6,000

In each of these rules the length is

length on the water-line. From what we
have said it will be thus evident that

yachtsmen are as far off as ever from a

system of measurement which will give

an equitable basis for time allowance, and
that the present methods are but a very
small improvement upon the old one. The
alteration of the time-honored rule of the
Royal Thames Club, which was for long
the standard everywhere, was rendered
necessary by the appearance of the Jul-
lanar a few years ago. In the old rule

the length was taken from stem to stern-

post, and the Jullanar, of which a de-

tailed and interesting description is given
in Mr. Kemp's " Yacht and Boat Sailing,""

has about 10 ft. of immersed counter
abaft the post. To meet this new de-

parture it was decided to measure length
on the water-line. At the time that fur-

ther changes in the yacht tonnage rules

were under discussion, we suggested, not
as a theoretically exact rule, but as a

good practical solution of the difficulty,,

a system of measurement by which the
product of the three important dimen-
sions—length on the water-line, beam,,

and draught—should be multiplied by a
factor, determined so as to give an aver-

age result not far from the present nom-
inal tonnage of vessels of reasonable form
and dimensions. This, we still think,

would have been better than the rule

which was adopted, and would have been
at least more easily ascertained than the
sail area tonnage, now so extensively ad-
vocated, although there can be no doubt
of the fact that the sail area rule is a

much better measure of size than any-
thing else at present in force.

The ideal system of yacht measure-
ment was recently described by Mr. R.
H. Fronde, an eminent authority on
scientific questions connected with naval
architecture, as one which should " handi-

cap all tendencies to depart from an ideal

form and fitting up of a yacht." These
few words indicate the whole difficulty,

as probably no two yachtsmen would
agree as to what was an ideal yacht. It

is in the nature of things, that whatever
rule is adopted, there will still be racing;

yachts and cruising yachts, and that the
vessel which excels in one respect will be
at a disadvantage in the other. Still

there can be no doubt of the faultiness of

a rule which induces a designer to use up
so large a portion of his displacement in

carrying an immense lead keel, thus use-
lessly increasing the expense of the ves-
sel, for no commensurate advantage.
While remarking upon the prominent de-

fects of the present type of racing yacht.,

it must, however, not be forgotten that
they have usually a very large range of
stability, and are, in fact, life-boats which,
it is impossible to capsize.

Mr. Froude suggests as a remedy for
the existing state of things :

—" (1.) That
a committee of thorough vachtsmen should.
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decide, among existing forms of yachts,

which are eminently their ideas of cruis-

ing yachts. (2.) That by obtaining prac-

tical tests on different days in various

states of weather, purely empirical dia-

grams should be drawn up, showing to

what extent additioual length should be
handicapped, to what extent iron con-

struction against wood should be handi-

capped, to what extent difference of area

of sail should be handicapped." He also

suggests that " with regard to area of full

sail, it seems to me that to obtain the sail-

carrying power by heaving a yacht down
to her sailing inclination, with a tackle

attached to a spring balance, is a much
more satisfactory method of working to

the same object, as it leaves the yacht free

to adapt her canvass to the weather and
points of sailing during the race." What
Mr. Froude thus proposes to measure is

the inclining moment of sail area, corre-

sponding to a standard angle of inclination.

This depends upon the area and the height

of the center of effort of the sail, and thus

includes the element of height of sail twice,

but a rule could be framed whose practi-

cal effect would be to eliminate the extra

dimensions.

It is said that during the present season

a number of clubs will try the accepted

sail area rule of the formula we have given
;

the principal objection to it on the part

of yachtsmen is that the vessel's tonnage
is subject to alteration by change in her

rig. The grounds upon which we advo-

cated a rule based upon the three princi-

pal dimensions of the vessel were, that

sail -power depends upon length and
stability, while stability depends npon
beam and lowness of the center of gravity,

the latter in the case of ballasted vessels

depending upon draught. A good racing

tonnage rule is certainly a desideratum,

and we should think the yachting com-
munity will not much longer be without
one. No rule can, we think, permanently
place comfortable pleasure craft on an
equality with racers, but it would be easy

to reduce the present wide disparity, and
afford room for the development of other
and more desirable things than heavy lead

keels. There is the further objection to

racing yachts of the present type, that

the lead keel and its connections neces-

sary, make the vessel very costly, while

as things have gone of late years she is

only successful till a designer produces a

vessel with still more lead, and then the
ex -racer is next to useless.

Air. Dixon Kemp's " Manual of Yacht
and Boat Saihng " takes rank as the stand-

ard work upon the subject, and must,
since its first publication, have been of

invaluable assistance to owners of pleas-

ure craft, from the dimensions of the
racing cutters we have been describing to

the tiny sailing canoe. In the earlier edi-

tions there were sections treating of yacht-

designing ; they, however, have since been
embodied in a separate work, and, in its

later form, the Manual has been entirely

devoted to those parts of the subject

which are of interest to the practical

yachtsman. No pains have been spared
to make the work a complete guide to the

selection, management, and racing of

pleasure craft of all sizes and descriptions.

There are, moreover, special chapters up-
on local types of boats and yachts, show-
ing how special forms of vessels have arisen

either from local exigencies or fashions.

Mr. Kemp begins by advice as to the

selection of a yacht, and comes to the con-
clusion that for cruising craft the rig

should be cutter up to 80 tons, yawl from
80 to 150, and schooner above that ton-

nage ; for racing craft he favors the cut-

ter, but recommends a moderate tonnage,
and, in view of our previous remarks upon
the subject, we should certainly endorse
this recommendation. Valuable informa-

tion is given as to examination of the
vessel, and as to the value of classes in

Lloyd's Yacht Register, and in regard to

the equipment, there are tables of sizes

and illustrations of the various items.

One chapter is devoted to the special

question of seamanship, and another to

the special management required in yacht-

racing. By the title of Mr. Kemp's book,

boat as well as yacht-sailing is implied ; and
accordingly much information is given
upon canoeing, this part of the work be-

ing entrusted to specialists. Mr. Baden
Powell contributes the section on canoes

of the Nautilus type—that is, craft fit to

sail on comparatively rough water, having
good sheer, and yet coming under the

definition of a canoe which he tells us "is

a vessel propelled with a paddle or with
sail by a person or persons facing forward

;

she is a vessel capable of navigating shal-

low water as well as open rough water,

and she is a vessel not too large or heavy
for land portage by two men when her
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ballast and stores have been removed."
Details of the construction and designs

are given of several canoes of the Nau-
tilus type and also of the Pearl type, the

latter being written by Mr. Fredwen the

designer of the original Pearl sailing

canoe. Designs are also given of Mersey
sailing canoes, and of an American river

canoe.

Among the local types of yachts

illustrated, are those on Lake Winder-
mere, remarkable for the long overhang
counter and heavy lead keels, the yacht

of the Norfolk Broads of an almost op-

posite type, yet both carrying a large

spread of sail. The remarks upon the

Itchen boats are of additional interest

from the fact that the standard of value
for competitive sailing among them has
been length only. Other notable local

craft of which descriptions and designs
are given are the Clyde yachts, Penzance
luggers, and a large number of center

board boats of various types and sizes.

There is a chapter on ice yachting, in

which the singular phenomenon of a ves-

sel sailing faster than the wind is eluci-

dated, and an appendix contains a diction-

ary of useful information on yachting.

We believe that another edition of this

valuable work is announced for the pres-

ent season.

ON THE GASES SEPARATED IN STEEL CASTINGS.
By F. C. G. MULLEE.

Translated for Abstracts of Institution of Civil Engineers.

The author in this paper replies to the

criticisms on his former work contained
in Mr. Pourcel's paper, read at the Vienna
meeting of the Iron and Steel Institute,

and to the remarks of Mr. Windsor Rich-

ards upon it. After pointing out that the

cavities in unsound ingots are not the re-

sult of the enclosure of gas-bubbles in a liq-

uid, but tubes resembling those of worms
produced by the separation of gas from
previously solidified metal, having their

longer dimensions perpendicular to the
cooling surface, he states that two theor-

ies of their origin have been proposed.
The first of these, called the absorption
theory, supposes that the fluid metal takes

up gases from the air or the fire, which
are given out again on solidification and
cooling. Such an action is known to take

place with silver and copper, and an an-

alogous action is seen in the freezing of

water, where the dissolved air separates
and forms cavities very similar in appear-
ance and radial arrangement to those of

an unsound steel ingot. It is not neces-
sary to suppose that the whole of the gas
so taken up is separated, a portion being
retained at a temperature far below that

of solidification. In this respect the first

separation of gas represents the first

crystallization of mixed salts from a solu-

tion, and the residuum, the salts retained
by the mother liquor.

The second theory, characterized by the

author as the reaction theory, supposes
the separated gases not to be previously
contained but to be formed at the mo-
ment of separation by the reaction of dis-

solved oxide of iron upon carbon. This
requires the gas in the pores to be of a

definite composition, namely, carbonic

oxide, while in the absorption theory no
particular composition is specified. The
part may be played by carbonic oxide, as

well as by any other simple or compound
gas.

The second theory is considered by the

author as opposed to many observed facts.

For instance, completely decarburized and
overblown metal, when cast without any
additions, gives off more gases in setting

than any other kind, their volume being
many times that of the metal, which can-

not be due to reaction, as there is no car-

bon present.

Mr. Pourcel's explanation of the effect

of silicon in producing sound castings,

by its reducing action on dissolved oxide

of iron, producing silica instead of car-

bonic oxide, is contrasted with the cir-

cumstance that German Bessemer steel is

rich in silicon, and yet unsound ingots

are common. Part of the author's ex-

periments were made with steel contain-

ing 0.3 to 0.6 per cent, silicon and 0.S per
cent, manganese, and in the direct Besse-
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mer process, steel with 1 per cent, of

silicon is often produced, which rises so

qnickly that there is often scarcely time

to stopper the moulds. Another fact is

that in recarburizing highly silicized steel

with spiegeleisen, a violent evolution of

carbonic oxide takes place, showing that

the reaction of carbon upon oxide of iron

is effective even when the bath contains

a notable quantity of silicon. In some
cases the author has found an actual in-

crease of silicon after the addition of

spiegel or ferro-manganese, showing that

only the carbon and manganese of these

compounds were effective as deoxidizing

agents. Again, in the ordinary German
Bessemer process there is no sensible oxi-

dation of silicon so long as carbon is

present, its behavior being, in fact, simi-

lar to that of phosphorous in the basic

process.

Although, therefore, there is no ground
for supposing that the mere presence of

silicon in the metal hinders the formation

of gas pores, it is otherwise when an addi-

tion of a silicon compound is made before

casting. This the author considers to be
a proof of the accuracy of the absorption

theory, as showing the phenomenon to be
merely physical in its nature. Silicon in-

creases the solvent power of steel for

gases, so that the bath, when previously

saturated, becomes only partially so by
the addition, and therefore separation is

prevented. Of course, if the opportunity

is given, it may become saturated a sec-

ond time, and its solvent power may be
increased by a second addition of silicon,

and so on. The latter statement is only

put forward as a possibility, as there is

no experimental evidence to show whether
the solubility for gases is proportional to

the content of silicon. It is more likely

that an additon of 0.1 per cent, to a bath
containing none may be more effective

than an increase of an original 0.5 to 0.6

per cent. The first case is that of the

Martin process, where highly silicized

compounds are most effective. This sim-

ple explanation, the author points out, has
not only been previously published by
himself, but was given by Mr. Gautier a

year since, at the meeting of the Iron and
Steel Institute.

That small additions of foreign elements
materially influence the solubility of gases
in metals is proved by "the analogies of

copper and nickel. These metals, which,

when chemically pure, give porous ingots
from the separation of carbonic oxide and
hydrogen ; cast perfectly sound when an
addition of 0.1 per cent, of lead is made
to the first, and of 0.12 per cent, mag-
nesium to the second when melted. It

seems, therefore, extremely probable that
silicon may have a specific action upon
iron of a similar character.

The author then reviews the various
analyses of gases given off by steel, com-
mencing with those of Troost and Haute-
feuille, in 1873, Parry's in 1874,* Reg-
nard's in 1877, and his own in 1878-79.
These are repeated at length, on the
ground of their having been imperfectly
reproduced in foreign journals.! The
general result of the whole of these is to
show that the gases liberated, whether
by heating the metal in vacuo or boring
it, consist essentially of 85 per cent, hy-
drogen and 15 per cent, of nitrogen. Mr.
Stead's experiments, made for Mr. Wind-
sor Richards in 1880, give an essentially

similar composition. The supposition of
the latter observer, that the hydrogen
may be due to the decomposition of water
by the friction of the metal against the
borer, is shown to be untenable, as the
shavings taken off when steel was slowly
bored in air showed no tendency to tarnish,

and if, therefore, there was no disposition

to take up free oxygen, it is not likely

that they would decompose water in a
specially cooled apparatus in order to be-
come oxidised. Even such a tendency, if

it existed, would be checked by the re-

ducing atmosphere produced when the
first few centimeters of hydrogen had col-

lected in the bore-hole. The enormous
volume of gas, removed in Stead's experi-

ment with the blunted borer, amounting
to about eleven times that of the metal,

shows that the whole of the intermolec-

ular gas has been removed, owing to the
metal being practically pulverized. This,

however, is in accordance with the fact

previously pointed out by the author,

that the amount of gas removed depends
upon the thickness of the shaving. That
the volume of these intermolecular gases
should be so large is, however, a new and
important discovery. Parry, by heating
in vacuo, obtained only a three to four-

fold volume. The author considers that

* This should be 1872.

t The account is the same as that given in the Min.
Proc. Inst. C. E., vol. lx., p. 499.
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these gases are actually alloyed in the

steel; that nitrogen is actually so con-

tained is proved by the admirable experi-

ments of Allen, and he is now at work
upon a method for the quantitative deter-

mination of hydrogen. Both elements

are integral constituents of the steel, and
possibly may exercise an important in-

fluence upon its physical proportions.

Carbonic oxide is also contained in the

intermolecular gases, but as it is only

given off at a red heat, and not in the

boring experiments, it is evident that it

forms a more stable combination with the

metal than either hydrogen or nitrogen.

In conclusion, the author points out

that the results of some fifty experiments,

made by different observers in different

ways, show that hydrogen is the princi-

pal gaseous constituent* obtainable from
steel, whether in the gases from the mol-

ten metal, the contents of the cavities in

the ingots, or the intermolecular gases of

the compact metal. Nitrogen is a never-

failing associate, while carbonic oxide is

invariably subordinate in importance to

hydrogen, and is never found in the larger

cavites. It is most probable these gases

are due to the decomposition of steam in

the air or gases of the furnace, and that

their effect can be neutralized either by
the addition of silicon, so as to increase

the solvent capacity of the metal, or that

they can be separated mechanically by
the rapid evolution of another gas on the

addition of spiegeleisen.

REPORTS OF ENGINEERING SOCIETIES.

I[Engineers' Club of Philadelphia.—A spe-

Lj cial business meeting was held in Phila-

delphia, June 21, President Wm. Ludlow in the

chair.

Prof. L. M. Haupt, Chairman of Committee
on Resolutions with regard to the proposed
change in the United St >tes Coast and Geodetic
Survey, reported the following, which were
unanimously adopted and the Committee dis-

charged :

'

' Whereas, We, the Engineers' Club of Phila-

delphia, have learned that a bill has been draft-

ed in the sub-committee on Sundry Civil

Appropriations of the United States House of

Representatives, the purport of which is to

merge the United States Coast and Geodetic
Survey into the Navy and Interior Departments

;

"And Whereas, Under existing laws and reg-

ulations, such a practical dissolution of this

distinguished and efficient organization must
result in a lowering of the high standard attained,
without producing any equivalent on the score
of economy or expediency

;
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u And Whereas, The changes now proposed
were tested, both in 1834 and 1851, and in each
instance proved a failure

; therefore it is
'

' Resolved, That in the opinion of the mem-
bers of this organization the proposed change
in the status of the United States Coast and
Geodetic Survey would be prejudicial to the

best interests of the government service.
" Resolved, That the members of Congress

representing the state of Pennsylvania be, and
are hereby, respectfully and earnestly requested
to oppose the passage of this bill."

The Secretary having arranged therefor,

copies of the above were forwarded immediately
after the meeting.
The Secretary reported upon the relations of

the Club to the Custom House and Post Office,

but delays his final report, as certain matters in

relation thereto are still subject to controversy.

Documentary and other evidence is on file,

however, to show that the following are among
the remarkable conclusions which have been
reached by our government officials.

By the Custom House :

"1. That engineering societies, the objects

of which are ' the professional improvement of

its members, the encouragement of social inter-

course among men of practical science, and the

advancement of engineering in its several

branches,,' are not scientific societies.

"2. Tliat the liability of a package to duty
depends upon its size.

" 3. That the Transactions of the Institution

of Civil Engineers of England are subject to

customs duty, and that the Transactions of the

North of England Institute of Mining & Me-
chanical Engineers are not.

"4. That the Transactions of the Institution

of Civil Engineers of England are worth about
three cents each. Sic Transit ' ad valorum '

mundi /)"

By the Post Office :

"1. That while two cents per pound is the

rate accorded to the general press, including
certain pictorials about which all respectable

people seem to have one opinion, a society the

object of which is the dissemination of useful

knowledge, must pay one cent for each two
ounces and fraction thereof, or over eight cents

per pound, on a publication issued as its own
proceedings.

" 2. That this Society is not entitled to 'the

same low rates that are extended to the general

public ' under the recent law, making one cent

for four ounces the rate at which an individual

can post a newspaper."
The report of the Secretary was referred to

the Board with power to act. On motion of

Mr. C. A. Ashburner, the club rooms were
unanimously tendered to the local committee of

the American Institute of Mining Engineers for

their headquarters.
Mr. Horace See presented copies of indicator

cards from the engines of the yacht " Anthra-
cite," taken with 370 pounds boiler pressure per
square inch, and steamship " Aberdeen." with
113 pounds, also a diagram showing curve of

initial pressure of steam in the high-pressure
cylinder of each vessel. The cards and accom-
panying table showed what the division of the
work between two or more cylinders, so as to
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limit the range of expansion and temperature
in each cylinder during one stroke, has to do
with the "economy of the steam engine, and
that in utilizing the high pressures we must
employ an engine with a degree of efficiency

proportionate to the increase of pressure.

Mr. Charles A. Ashburner presented a brief

description of the anthracite coal fields, accom-
panied by a geological map of the region, which
will be engraved and published in the Proceed-

ings. Among many facts relating to the geol-

ogy and mining of coal, it was stated that,

according to recent measurements and estimates

made by the Geological Survey, less than 30
per cent, of the marketable coal contained in

the high dipping beds of the Schuylkill and
Lehigh basins had, during the past history of

anthracite mining, been sent to market, while
over 40 per cent, had been left in the mines for

roof supports, and over 30 per cent, had been
thrown on the culm banks as being too fine and
dirty to ship. It is encouraging to know that

within the last few years the 30 per cent, of

actual fuel coal obtained has, in many cases,

been increased to between 45 and 50 per cent.

Mr. McCreath's recent analyses show that the

best coals from the Lehigh basins which can be
had in the market, do not contain over 8*3.5 per
cent, of fixed carbon, although these coals have
generally been rated about 90 carbon fuels. It

would appear that past analyses have been of

picked specimens, while those collected by Mr.
Ashburner have been samples taken from be-
tween 100 and 200 tons of the coal loaded on
railroad cars ready for shipment to market.
The spot value at the mines of Pennsylvania
anthracite is equivalent to 93 per cent, of the
spot value at the mines of all the bituminous
coal mined in the United States, and 89 per-

cent, of the value of all the gold and silver

mined in the United States.

Mr. Ashburner also presented to the Club a
very fine shaded lithograph of the topography
of McKean County, Pa.

Prof. L. M. Haupt added to his recent papers
on rapid transit, statistics of the growth of cities

as exemplified in Philadelphia.
The Secretary presented Mr. John Marston's

reply to Mr. J. H. Murphy's discussion of the
formula for turnouts and crossings, presented
by him to the Reference Book.
The Secretary also presented the following

Reference Book contributions :
" A Co-ordinate

Method of Ascertaining Distances in Cities, Ap-
plied to Philadelphia," by Mr. John H. Dye

;

'

' Relative Elevations of Certain Leveling Data,"
by the Secretary.

The Club adjourned for the summer, to meet
at the call of the President.

ENGINEERING NOTES.

ANew Paving- Material.—The paving con-
sists of bricks, 8 inches by 4 by 4, laid

in hot tar on a bed of concrete, 6 inches in
depth. In order to arrive at reliable conclu-
sions as to the behavior of this paving material,
it was laid down at the junction of the Leipzig-
erstrasse and Charlottenstrasse in Berlin, a spot
over which the heaviest traffic passed ; this was

estimated at one thousand vehicles per hour,
besides one thousand three hundred tramcars
daily. The material appears to answer its pur-
pose admirably. Granite, compressed asphalt,

and wood pavement had been previously tried

ou the same spot, and had all required repair
after having been down three months.
The numerous attempts hitherto made to ren-

der bricks tough and endue them with a high
fracture of resistance against pressure, by
steeping or boiling them in tar, have all failed,

because the bitumen is unable to penetrate to a
sufficient depth. In this case, however, the
bricks are placed in a vacuous chamber, hot
asphalt being afterwards introduced By this

means the brick is freed from air and moisture,
and absorbs from 15 to 20 per cent, of bitumen;
it becomes very tough and elastic, is capable of
withstanding great pressure, and absorbs no
moisture.—Deutsche Bauzeitung.
These bricks have also been used for damp-

proof courses, stable-pavements, retaining-walls,

&c.

On the Removal of Deposit from Reser-
voirs in Algeria.—The reservoirs in Al-

geria are of great size, and they are of immense
importance to the prosperity of the country

;

after being constructed under difficulties, and at

considerable expense, they are in danger of
being completely filled up, unless means are
taken for the removal of the deposit which
accumulates rapidly in them. For instance,
the reservoir at Saint Denis du Sig, constructed
with a capacity of 122,000,000 cubic feet, had
in 1879 silted up to the extent of 24,000,000
cubic feet. The Habra reservoir, constructed
in 1871 with a capacity of 105,000,000 cubic
feet, contained, in 1879, 70,000,000 cu. ft. of de-
posit. The same thing takes place, but' to a
less extent, in Spain, and the system adopted
for cleaning the reservoirs in that country is to
wash them out about once in every four years.
This, however, not only necessitates the empty-
ing of the reservoir, but also causes the loss of
the sediment, which is generally very valuable
for irrigation. The method of remedying the
evil applied by the Author at Saint Denis du
Sig, consists of blowing air into the sediment,
thereby stirring it up and allowing it to run off
with the water. The air may be compressed
by means of turbines driven by the water as it

passes out of the reservoir, conducted through
india-rubber pipes over the dam, and carried
down into the mud by an iron tube which is at-

tached to a float, by means of which it can be
moved from one part of the reservoir to another.
The Author describes the apparatus in detail,
and states that as the result of an experiment
on a small scale (using a 12-HP. portable steam-
engine for compressing the air), the water, clear
at first, became rapidly charged with the stirred-
up sediment to a distance of 110 feet round the
pipe. It is only necessary to inject the air near
the dam, for, as the mud is removed from this
position, a fresh supply flows down from the
more distant parts of the reservoir, and this is

in its turn stirred up into the water in a similar
manner. The Author estimates the cost of an
apparatus for cleansing a reservoir of the capac-
ity of 455,000,000 cubic feet at £2,600.
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IRON AND STEEL NOTES.

On the Production of Cement from Slags.
--By L. Roth.—The author points out

that Portland cement, and the slags obtained in

the production of foundry pig-iron with coke,

are essentially similar in qualitative composi-
tion, as is seen by the following analyses :

—

Cement. Slag.

Lime 60.05 51.62
Silica 24.31 35.12
Alumina 7 50 9.53
Magnesia 1.17 1.58
Ferric oxide 3 . 34 —
Ferrous oxide — 0.87
Manganous oxide. — 37
Potash... 0.80 —
Soda .... 0.74
Sulphur — 0.88
Gypsum 1 . 82 —

99.73 99.97

In the slag, sulphur exists as sulphate of cal-

cium, which would be injurious to the setting-
power of the cement, and there is also a quan-
titative deficiency in certain bases. In order to
supply these, the author mixes the slag with
Bauxite and limestone, or lime, and moulds the
powder into bricks, which are burnt in an ordi-
nary cement-kiln, Hofmann's annular kiln being
preferred. In firing, the heat is raised gradu-
ally from dull to bright redness, to drive off

combined water and carbonic acid, and to con-
vert a portion of the sulphide of calcium into
sulphuretted hydrogen, and aluminate of lime;
after which it is sintered at a strong white heat,
and the resulting mass is crushed and ground
in the usual way.
As the value of Bauxite depends upon its con-

tents of free alumina, the proportion added will
vary with its composition ; the limits between
which the finished product may be regarded as
giving good cement are

:

Lime 55 to 63 per cent.
Silica 22 to 26
Alumina 6 to 10 "

The proportions used by the author, with a
basic slag of the composition previously given,
which falls to powder when cooled, are:—100
slag, 85 limestone or chalk, with CaCO s , 98,
and Si0 2 2 per cent., Bauxite 15. The latter is

the variety found near Giessen, which contains
A1 3 3 , 48.5; Fe 3 3 , 13.52; Si0 2 , 9.40 per
cent.

This mixture when burnt gave 158.66 parts
of cement, of the following composition

:

Per cent.
Lime 61.9
Silica 24.1
Alumina . . . i 10.6
Ferric oxide .

'. 1.3
Ferrous and manganous oxides.

.

0.8
Magnesia 1.0
Sulphur 0.3

100.0

One half of the total quantity of the sulphur
in the slag was eliminated as sulphuretted hy-
drogen. The cement, when ground and sifted

through a sieve having nine hundred holes to

the inch, was of a greenish-gray color, and of

strong hydraulic properties, showing no tend-
ency to swell when once set. It is essential to

the process that the materials should be per-

fectly mixed before firing. Slags that fall to

pieces in the air should be sifted through a 900-

hole sieve, but when they are not sufficiently

basic they should be granulated in water when
run from the furnace, and ground in the cement-
mill. A small addition of soda may be made
advantageously in some cases, but as a rule it

is not necessary. The cement may be applied
in the formation of articles in concrete with
granulated slag, which possess a certain hy-
draulic character.

—

Abstracts of Institution of
Civil Engineers.

RAILWAY NOTES.

rr^HE annual report of the Dominion Minister
J_ of Railways, as presented to the Canadian
Dominion Parliament, shows that during the

year under consideration as many as 1275 miles
of railway were added to the length of road in

operation in the Dominion, making a total of

8805^ miles under traffic. The railway system
of Canada will within the next two years, when
all the uncompleted lines are finished, comprise
something over 11,400 miles. The paid-up capi-

tal has increased during the year from 41 5i mil-

lion dollars to 494| million dollars, or 19 per
cent., an increase in the capital per mile com-
pleted and under construction of 17.03 per cent.

The business done by all the lines in operation
has grown in large proportions. The gross

amount of freight carried during the year was
13,266,255 tons; and the gross receipts 21§- mil-

lion dollars. The number of passengers carried

was 9,579,948, and the gross receipts showed
an increase over those of the preceding year of

4^ million dollars. The net earnings were
sufficient to pay approximately a dividend of

2i per cent, on the share and bonded liability

of the roads in operation.

Lartigue's Electric Railway.—M. Lar-
tigue, the well-known French engineer,

has applied electricity to the traction of the
panniers or cars of his single-rail tramway.
This tramway is, as we stated some time since,

employed in Algeria for transporting esparto

grass from the interior by the traction of camels.
It was an easy step from animal to electric

traction, and M. Lartigue has successfully taken
it. At the recent Agricultural Exhibition in

the Palais de lTndustrie, of Paris, an experi-

mental line was shown on which five iron pan-
niers, or double cars in the form of seats, were
drawn by a dynamo-electric locomotive at the

rate of seven miles an hour. The total weight
of the five cars and the electric locomotive was
about a ton, and the maximum power required
was three horse-power. The dynamo of the
locomotive was a Siemens D 6 , and the genera-
tor, which stood about 100 yards from the line,

was a Siemens D 2 dynamo capable of develop-
ing from 5 to 6 electric horse-power. It was
driven by a Herman-Lachapelle steam engine.

The total length of the line was 123 meters. It

was built of forty-one rails, each 3 meters long

,
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and comprised curves of 7h meters radius.

The locomotive dynamo was carried by a plat-

form car or pannier, and geared with a grooved
driving wheel 30 centimeters in diameter,which
ran upon the rail; A rheostat to graduate the

speed, switches to stop, start, and reverse the

motor, and a seat for the conductor, were also

carried by the locomotive car. The train was
properly coupled to the locomotive, and ran on
small grooved wheels. The current was brought
to the dynamo by two insulated conductors, one
connected to the rail, the other to the dynamo
through small contact rollers in connection with
the commutator. One switch was employed to

start or stop the train by making or breaking
the circuit ; the other to reverse its motion by
reversing the current. The rheostat, by inter-

polating resistance into the circuit, allows the
strength of the current to be varied and the
speed of the train to be increased or diminished
as the case may be. The work was carried out
by Messrs. Siemens, and under the direction of

M. G. Boistel. The economy of the working
is of course largely dependent on local circum-
stances.

Ax Electric Moextaix Railway.—A pro-
ject has been formed, writes a corre-

spondent, and will, in all probability, shortly be
executed, for uniting the Hotel des Apes, at

Territet Chillon, and the Hotel de Mont Fluery,
which is situated on the steep mountain side
immediately above Chillon, by an electric rail-

way. The difference of altitude between the
two hotels is 180 meters, and the system which
it is proposed to adopt was put to an experiment-
al test recently. Rails of a gauge of 50 centi-

meters were laid on a part of the mountain for
a length of 50 meters, and with a gradient of 30
to 100. Between the rails is a rack for the re-

ception of a toothed wheel, and at each end is

a curve in order to show the advantage of the
proposed system over the funicular system,
which does not admit of the slightest curve.
The wagon carries a dynamo-electric machine,
which actuates by special gearing a toothed
wheel on the axle in connection with the rack
between the rails. An electric and an ordinary
brake enable the conductor to modify the rapid-
ity of descent at pleasure. The electricity was
produced for the occasion, and in the first in-

stance, by a dynamo-electric machine of 5 horse-
power, actuated by a portable engine. This en-
gine it is intended to replace eventually by a
turbine, for which there is an ample supply of
water. The apparatus for the transmission of
the electric force to the receiver on the wagon
consists of copper cables laid between the rails

and alongside the rack, and the electric contact
is established through the intermediary of me-
chanical brushes in the usual way. The carriage,
in which were seated two, three, and sometimes
four persons, the whole, including the carriage,
representing a weight of from 300 to 500 kilo-

grammes, went up the steep incline at the rate
of from 1 meter to 2 meters per second, and the
descent was completely controlled by the in-

genious combination of the two brakes. In the
event of the project being carried into effect,

which depends to some extent on the approval
of the federal government, the journey between

the two hotels may be performed in seven or
eight minutes. As, moreover, water is plenti-

ful in Switzerland, there is no reason why every
fashionable mountain should not have its own
particular electric railway, and the time may
come when idle or infirm tourists will ride
luxuriously across the Mer de Glace and be car-

ried on wheels half way up the Jungfrau and the
Matterhorn. Already the people at Geneva, en-
couraged by the success of the experiment at

Territet Chillon (Montreux), are proposing to

utilize the waters of the Arve for the ascent of

the Saleve.

ORDNANCE AND NAVAL.

r |"HE Moxcrieff System.—Colonel Moncrieff
I read at the United Service Institution, on

Friday, April 25th, to a large audience, a paper
on his system of mounting ordnance. Probably
many of our readers have latterly lost sight of
the Moncrieff system, and have assumed that
for some reason it had not fulfilled the promise
of which it once appeared to be full. Some of
us probably assumed that it was found inap-
plicable to the heavy guns now employed, or
that the carriages were too complicated, or,

again, that there were objections to the receiv-
ers on the hydro-pneumatic carriages. If none
of these things were true it was high time that
Colonel Moncrieff should call attention to this

important question, which had been allowed to

lapse into oblivion.

In a paper couched in very mild and moder-
ate terms, Colonel Moncrieff explained his case
on Friday. He divided the methods of mount-
ing guns into three systems : (1) Ordinary barb-
ette

; (2) iron casemates and turrets
; (3) the

protected barbette or disappearing system,
commonly known as the Moncrieff system.
The first system—the barbette proper—exposes
the men so much that it was found even in the
days of theAmerican War that barbette batteries
could certainly be silenced by armor-clad ves-
sels. Since the introduction of machine guns
this operation is easier than ever. The turret
or casemate system is very expensive, and the
guns have, in the case of casemates, but limited
scope. Consequently Colonel Moncrieff urged
that his system obviously met the need of 'the

country by providing guns which combined
complete protection with all-round fire, and
which offered enormous saving in money. He
informed his audience that the manner in which
he had been dealt with was -as follows :—Suc-
cessive special committees had been directed to
investigate the merits of his system. He had
never failed to convince a committee after a
time that his system ought to be adopted ; so
that each committee eventually recommended
its adoption. This, he said, was always the
signal for the abolition of the committee. Seven
committees had eventually come to the same
conclusion, and had been abolished at last.

Colonel Moncrieff, who was then employed by
l Government, was himself abolished, that is to

say, his appointment was done away with, he
himself being told that his services were not
further required. The crowning evil was that

the delav and obstruction which had taken
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place have acted as a vague argument against

the Moncrieff system, which it is now urged

has somehow failed to succeed. The Navy had
wished for the Moncrieff system, so had the

Royal Engineers ; the entire fault he therefore

maintained lay with the Director of the Artillery

Department, who refused to make the carriages,

and even to buy a carriage which was to be

made by Messrs. Easton aud Anderson free of

expense. The Colonies had asked for the Mon-
crieff system, which is specially suited to the

case of limited numbers of men ; because fewer
guns are needed, owing to the fact that all-

round fire is possessed by Moncrieff guns, and
also that the men are very completely protected

and are likely to have very few casualties.

Colonel Moncrieff read a letter from General
Scratchley, R.E., the adviser to the Australian

Government, saying that he had always advo-

cated the adoption of the system, and pleading
that the blame of its being prevented from
coming in did not lie with the Royal Engineers.

It appeared that in 1872 the Moncrieff system
was first approved by a committee, and for fif-

teen years the process of ignoring recommen-
dations made on the score of both efficiency

and economy by committees has continued.

Hence Colonel Moncrieff said that he felt it

needful to speak out, which he did as a man in

whom all enthusiasm had been extinguished,

but who had full faith that his system must
eventually be adopted, although, judging from
past experience, it might not be in his lifetime.

In the discussion that followed, all the speak-
ers sided with the lecturer. Naval officers,

artillery officers, and engineers appeared to be
in complete accord. Mr. Anderson was called

upon to speak as to the application of the hy-
dro-pneumatic system to heavy guns, and re-

plied that the Russians had two 40-ton guns
mounted on this system, and were so highly
satisfied with it that they declined to try the

Albini carriage. Admiral Ryder and Admiral
Sir John Hay, Admiral Boys and Admiral Sel-

wyn, Colonel Duncan, R.A., and others spoke.
It was suggested to Colonel Moncrieff that per-
haps he had proved his case too clearly and
unanswerably for success; he was reminded
how irritating a thing this is, and he was even
asked whether he could not introduce some
features that would furnish his system with
such faults as would make it less obnoxious
and more calculated to invite sympathy.

nPiiE "Delta" Steam Launch.—A steam
JL launch constructed of " delta metal" was

lately exhibited at the Crystal Palace inthe joint

names of Mr. Alexander Dick, the manufacturer
of the new alloy, and Messrs. Yarrow & Co.,

the builders of the launch. As it has been proved
by repeated experiments that the delta metal is

equal in strength, ductility, and toughness to

mild steel, the plates and angle pieces of this

launch were made of the same thickness as if

they had been of steel, namely ^ in. The
length of the boat over all, is 36 ft. , the breadth
of beam 5 ft. 6 in., and the depth from gunwale
to keel 3 ft., the capacity being sufficient to pro-
vide sitting accomodation for twenty-five per-

sons. The stern, keel, and stern-post are of
forged delta metal, and are scarfed together in

the usual way. The angle frames are made of

the same material and are placed longitudinally

instead of transversely, to give greater longitud-

inal strength. The propeller cast in delta metal,

is four-bladed, 2 ft. 4 in.- in diameter, and 3 ft.

pitch. The engine is of the usual direct-acting

type, and of sufficient power to propel the boat

at a speed of eight or nine knots per hour. The
advantage of delta metal over steel and iron for

shipbuilding, is that it does not rust. It is well

known that a thin steel vessel, unless continu-

ally painted will rust through very rapidly.

This difficulty has been found to exist to a re-

markable extent in the rivers of Central Africa

;

in these the water, from some unexplained
cause, possesses an extraordinary power of cor-

roding and eating through steel plates. This
fact is of special interest at the present moment
when the rapid development of the African con-

tinent may be looked for. An important ad-

vantage possessed by delta metal for the con-

struction of large boats, where its weight must
be reckoned by tons, is that it is offered at a

moderate price, and consequently the undoubted
advantages of non-corrodibility are not eclipsed

by a prohibitive cost.

BOOK NOTICES

Modern High Explosives. By M. Eisslee,

Mining Engineer. 8vo. New York : J.

Wiley & Son, Publishers.

In the book before us we have an attempt
made at editing much useful information con-
cerning explosives.

The compiler has accumulated, from various

sources, data relative to the chemical constitu-

ents and the methods of analysis which enter

into the manufacture of high explosives. He
treats in detail of the preparation of nitro-

glycerine, the various nitro-glycerine com-
pounds, pyroxylin, gun cotton, nitro-cellulose,

and the fulminating compounds. In the sec-

ond part directions are given for using the

high explosives, with special reference to the

various processes of firing or igniting by
means of electric machines, fuses, and similar

appliances. The third division of the work is

devoted to different methods of blasting, in-

cluding special applications in various engi-

neering enterprises from excavating tuunels or

mining shafts, to the removal of stumps and
the breaking of ice. An appendix, in which
various theoretical considerations will be found,
brings the work to a close. The theories of

explosion, as put forth by Able and Berthelot.

are alluded to and commented on.

That a book of this kind is needed there

can be no doubt, and we regret extremely to

find in a work, admirable in so many respects,

the evidences of unfortunate ignorance or ex-

treme carelessness. The section devoted to

glycerin, which is fairly representative of the

book, is so filled with mistakes and inconsist-

encies as to be utterly unreliable. Even a cur-

sory glance will discover many errors in chemi-
cal nomenclature. On page 15 " three hydroxy]
radicals (30H) " should be 3(OH). A few lines

further on, "the oxide of a metal like lime.

lead, etc. ;
" lead is not an oxide, and which

oxide of lead is meant ? Bone black is called
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bone coal (p. 25). The use of final e in glycerin

is not accepted by the best writers in chemistry,

but then no attempt appears to be made to fol-

low correct usage in this respect. Even on the

first page, Chili saltpetre is first written sodium
nitrate and then sodic nitrate,thus tending at the

very outset to confuse readers not familiar with
the ancient and current chemical nomencla-
tures. We find also many instances in which
the editor is inconsistent with himself ; for in-

stance, on p. 12, the table of statistics foots up
9,500 tons, while directly following it is spoken
of as 7,500 tons. On the same page, glycerin

is said to boil at 554° F. , while on page 24 it

boils at 618° F. , which is correct—and why are

not references given ? On page 13 it is stated

that glycerin crystallizes at 42° F. This is

novel information, and we should be glad to

know on whose authority this statement is

made. There are also many infelicities and
ambiguities, such as the following :

" Small
particles of soap conglomerate to small lumps "

(p. 18). Sentences not easy to understand:
" The method which is employed depends on
the proceeding by which the fats are decomposed
and the quantitative results of glycerin on
them" (p. 16>. In the saponification of tallow

by lime, it is best to use little lime ; and a
high pressure, for instance, by employing one
hundred parts tallow and four parts of lime.

Several of the latest and most improved proc-
esses of extracting glycerin are ignored en-

tirely.

The book, therefore, is not one that we can
recommend to our readers Those seeking a
knowledge of the subject will be misinformed
by a perusal of the volume, while those who
use it for reference will find it so unreliable
that they will be compelled to throw it aside as

worthless. It can only be of service to such
experts as are competent to separate the good
from the bad, and even to them its utility will

be slight. It is, however, an excellent speci-

men of mechanical book making, and while it

evidences the good taste of its publishers, its

best function will be to serve as a sample of fine

printing.

Steel and Iron. Comprising the Practice
and Theory of the several Methods pursued

in their Manufacture, and of their Treatment
in the Rolling Mills, the Forge and the Foundry.
By W. H. Greenwood, F. C. S., Assoc. M. I.

C. E., M. I. M. E. With ninety-seven dia-

grams from original working drawings. Lon-
don : Cassell&Co. 1884.

This work, one of the manuals of technology
edited by Professor Ayrton ahd Mr. R. Wor-
mell, and published by Messrs. Cassell, is a
comprehensive handbook of practical informa-
tion, and of the scientific principles upon which
the practice is based. We may at once
state that Mr. Greenwood's book appears to us
to be an excellent manual of the subject, which
scarcely needs comment. The book is of ser-

vice to the general student of the branch of

technical science of which it treats, as well as

to the intelligent workman, to whom it offers

a succinct statement of the scientific principles

upon which depends the success of the several
processes in which he is engaged. The book

does not—and is not intended, we believe, to
—supersede the experience and practical
knowledge that can be gained only in the
works ; but it will be found a useful adjunct to,

and contribute to a clearer understanding of,

these things.

—

Iron.

The Materials of Engineering, in Three
Parts : Part III. , Non-Ferrous Metals

and Allots. By Robert H. Thurston, Pro-
fessor of Engineering, Stevens Institute, etc.,

etc. New York : John Wiley & Sons.
For this volume Professor Thurston goes very

exhaustively into the history of non-ferrous
metals and their alloys, giving their general
characteristics and their special properties.

The author's very extended and carefully con-
ducted experiments have resulted in the com-
position of new brasses, kalchoids and bronzes
which must be of special value to workers in

alloys.

Wrought Iron and Steel in Construc-
tion. New York : John Wiley & Sons.

Rules for Strength of Pencoyd Iron should
be properly the title of this book. Rolling mills
and bridge-building companies issue "Pocket
Books" of " Useful Information for Engineers,
&c.," which are not simply advertisements, but
contain facts and tables very useful to engineers.
Pencoyd is very slow in issuing its book,
which, it must be confessed is below the aver-
age standard. The book has the merit of
being clearly printed on handsome paper.
Pencoyd beams, channels, angles, and other
shapes are set forth at great length. One might
suppose that such shapes of iron had never
existed before, and that a Pencoyd circle would
contain a greater area than another circle of
the same diameter. There is much theoretical

matter in the book which is evidently very
valuable in the eyes of the author, but the ex-

periments published do not tell us what is of
practical use, that is, for instance, what is the
value of an angle iron, used as a strut or a tie,

riveted by one leg only to its connections. The
book is too shoppy and theoretical.

he Imaginary Metrologioal System of
the Great Pyramid of Gizeh. By F. A.

P. Barnard, LL. D., S. T. J3. New York

:

John Wiley & Sons.
Dr. Barnard has rendered the public an excel-

lent service in this essay. The advocates of
the pyramid metrology are urging their claims
in a way that tends to deceive those who are

not sufficiently familiar with the fact that fig-

ures adroitly presented may be made very mis-
leading. The honesty of the believers in the
pyramid theories presented by Piazza Smyth is

not to be questioned, but the theories are, in

consequence, all the more likely to deceive,

and it needed the keen analysis and the pun-
gent satire of the present volume to check the
spread of this peculiar phase of fanaticism.

The essay begins with the following para-
graph :

" Among the many vagaries of the hu-
man mind which history records, there is not
one more extraordinary than that which has
been busying itself for the last twenty years in

weaving a network of religious mystery around
the great Pyramid of Gizeh. If it were not a

T
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law of fanaticism that the faith of its subjects

and victims is intense in proportion as its doc-

trines are defiant of common sense, it might
reasonably have been expected that the wild
conjectures, in regard to this monument, haz-

arded by John Taylor in 1859, would have
fallen unnoticed from the press, and would
long since have ceased to be remembered
among men.

"

These conjectures, which have been elabor-

ated by Professor Smyth, and seriously formu-
lated into a doctrine, affirm in general terms

—

that the Great Pyramid was built by Diviue di-

rection, and that its various dimensions reveal,

when rightly interpreted, the size and density
of our globe, the solar distance, and the length
of the year ; also exhibit quite accurately the

periods of time separating the important crises

of sacred history.

As the length of the base of the pyramid af-

fords the starting point for numerical compari-
son, and as there is a remarkable lack of agree-
ment in the measures thus far obtained, Prof.

Smyth has adopted a number lying between the
extreme results, but which is not a fair average
of the measurements, nor does it agree with
any one of them, but it fits the theory, and is

supposed to be, therefore, worthy of adoption.
There is much of this kind of dealing with
numbers among the pyramidists. Sometimes
the measurement of the pyramid is made to

adapt itself to the requirements of the theory,
and sometimes it is the so-called revealed dimen-
sion or date that suffers the strain. An ex-

ample of this latter kind is afforded in a prop-
osition of Professor Smyth's, which runs as
follows

:

Multiply the tenth part of the cube of the ten
millionth part of the earth's polar diameter by
the mean density of the earth, and the product
will give the pyramid unit of capacity. (The
presumed original capacity of the sarcophagus.)
Dr. Barnard says of this, after presenting the
figures, " The arithmetical coincidence is exact;
but we shall see that this extremely satisfactory
result is only owing to the happy selection of
a value for the axis of the earth, which no
computer has ever found, and of a number
expressive of the earth's density, which no in-

vestigator of that subject has ever reached."
Coincidences of like kind are numerous in

the standard work of the pyramid followers
{Our Inheritance in the Great Pyramid), and
the principal ones are analyzed in like man-
ner.

If anything could exhibit the absurdity of
the doctrine here criticised in a stronger light
than the exposition of the method of establish-
ing it, it is the satire embodied in Dr. Barnard's
suggestion that a similar manipulation of fig-

ures exhibits the lunar theory in the temple of
Ephesus, and the base of the hyperbolic system
of logarithms in the base of the Great Pyramid.

Dr. Barnard's essay will be widely read, and
most readers will learn with surprise that men
eminent in science and literature have been
misled by the doctrines that are therein so ef-

fectively analyzed.

DRAINAGE AND SEWERAGE OF DWELLINGS.
By Wm. Paul Gerhard. 12mo., 303 pp.

New York: Wm. T. Comstock. Price $2.50.

It is always fortunate when a man eminently
successful in a large practice is able and willing

to write his views and methods clearly, and
give them to the world in a book. Mr. Ger-
hard has made a book on an immensely import-
ant subject, which sustains the reputation he
had before earned by his masterly report on
this subject to the Rhode Island Board of

Health: We define a practical man to be one
accustomed to successfully doing the work.
Mr. Gerhard is now actively employed as chief

engineer of a company making a speciality of

draining houses and populous districts.

It is not easy to find a polite descriptive
adjective for the man or men who first ventured
to take a privy into the middle of a first-class

dwelling-house. Lazy is a weak term, and ef-

feminate is a slander on the sex. His faith was
strong—faith in the efficiency of water and
traps which experience and the loss of many
lives has shown to be misplaced unless more
care and skill than usual are exercised.

This book by Mr. Gerhard seems to go far
towards undoing the mischief. It does not,
like too many, spend all the strength of the
writer and the patience of the reader on the
evils to be avoided, but diligently and patiently
labors to show how to avoid them. It is liber-

ally illustrated with sections showing the ar-

rangements and devices in general view and in

detail. Traps old and new are dissected pro-
fusely.

We are particularly pleased with Chapter II.

,

"Necessity of Ventilation in Rooms containing
Modern Conveniences," Chapter VIII. , "Drain-
age of Cellars," and Chapter X., "System of
Internal Sewerage as it should be in a Dwell-
ing." The work should meet with an extensive
sale.

A Practical Treatise on Electric Light-
ing. By J. E. H. Gordon, B. A.,

M. S. T. E. Sampson Low, Marston, Seaiie
and Rivington, London. 1884.

It seems to us that the author of such a book
as this should treat his subject under heads, his

principal heads being : (1) generation
; (2) dis-

tribution
; (3) utilization, and (4) tools ; the

sub-heads may be as numerous as the author
chooses. With regard to the generation of
electricity little need be said of batteries ; but
some attempt might be made to explain the
great similarity of the various dynamo ma-
chines. They are easily classed under a few
types. The continuous ring armature type
includes such as the Gramme, Burgin, Brush.
Schuckurt, &c. Then we have the Siemens
armature type, alternate current machines, and
so on. Starting with a full and complete de-
scription of the typical machine, the various
modifications, the reasons for their introduc-
tion and the gains by introduction could then
be successively discussed. However, it is

generally admitted that, according to their

own showing, most reviewers would make ad-
mirable authors. Unfortunately, when they
attempt to carry into practice the views they
put forward, the result is frequently a miser-
able failure. We shall therefore return to the
real subject of this notice, showing that Mr.
Gordon has, to some extent, carried out these
views. After an introductory chapter on the
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principles of artificial lightning, he shows the

analogy between a fluid, such as water,

and electricity. Although we think the

way in which Mr. Gordon has introduced these

analogies to be exceedingly instructive, we
must not forget the caution of Clerk-Maxwell
when warning his readers against the use of

the term " electric fluid."

The aim of those who desire to produce
artificial light economically is thus stated, p. 8,
'

' to concentrate the heat in a solid of the small-

est possible size, or with the smallest possible

cooling surface." How this is done in electric

light operations it is the business of the book to

show. Whenever a new application of science

is developed, it becomes necessary to show
how the principles of the science are used in

the development. Practical work needs sys-

tems for measurement, practical units of

measurement, notation, and so on—a branch of

the subject to which Mr. Gordon devotes some
of the early chapters of his book. In these he
discusses the relation of the electrical units

with one another, and with the units of heat
and work. The electrician finds nothing new
herein, but the electrical engineer will here see

the arithmetic of his work. The formulae he
has to use are collected and illustrated. Here,
too, are some interesting comparisons, showing
the value of the commercial electrical unit in

various measures, and we are given a rule for

the comparison of the prices of electricity and
gas. Thus : "To compare the price of elec-

tricity with that of gas, we must multiply the
price per electrical unit by 10, and the result

will be the price of a quantity of electricity ap-
proximately equal in illuminating power to

1,000 cubic feet of gas."

Electricity—to use an ordinary expression

—

generated for electric light purposes is utilized

by means of lamps. The different incandescent
lamps are, in the first place, described, and
their method of manufacture, the details being
given and amply illustrated. Then the best
known types of arc lamps are described. The
requirements for the lighting of particular
places are discussed, and it is shown how the
lamps and other apparatus must be designed
for the purpose in view. A very interesting

chapter, for which the author states his indebt-
edness to Mr. Crompton, on carbons for arc
lamps, is given, and then we come to that por-
tion of the book dealing more directly with the
generation of the current. . Besides being a
writer, Mr. Gordon is an inventor, and pro-
fesses to follow the example of Cumberland,
Maskelyne, and others, in "telling how it is

done." We doubt, however, if the readers can
invent, after reading this book, any more than
the hearer could perform the tricks shown at

St. James's Hall after hearing how they were
done. Indeed, the telling is simply reduced to

this : Mr. Gordon has by a process of reasoning
come to the conclusion that a certain type of
dynamo is the best, and he forthwith sets to
work and designs such a dynamo. Now we
are inclined to think that there is more than
one road to travel in order to get to a new de-
sign of dynamo ; and we are not at all sure
that Mr. Gordon's explanation proves that his
road is the best. However, there is no doubt

that he puts forth the principles of magnetic
induction and of the best-known machines in a
clear and concise manner. All this part of the
book is exceptionally worthy of close study.
It abounds with hints of a very practical na-
ture, and points out what not to do in many
cases.

Before concluding this notice a word of
praise should be given for the excellent illustra-

tions and typography of the book.

—

Abstract of
Review in Engineer.

MISCELLANEOUS.

''Mhe riches of the United States from gold
L and silver mining may be partially esti-

mated by the fact that the aggregate production
of gold up to June 30, 1883, has been 1,632,364,-
670 dols. That of silver has been 598,083,217
dols., making a grand total of 2,230,447,887
dols., or £446,089,577. Reduced to the equiv-
alent weights, the total gold output has been
78,965,572 troy ounces, or 2707.4 avoirdupois
net tons, while the silver weight represents
462,590,469 troy ounces, or 15,860 tons. Put-
ting the statistics into another form, the gold
produced in the country up to the present time,
if brought together, would be sufficient to load
271 ordinary freight cars ; the silver, supposed
to be collected as fine bullion, would require
1586 cars for its transportation. The gold
would tax the carrying capacity of a large

ocean steamship, while the silver would form
cargoes for a considerable fleet.

The distances, often many miles, through
which gas is transmitted before reaching

an engine, are such that, with any other means
of distributing power, they would considerably
enhance the cost of the power. But in the case
of gas, it does not appear that these distances

are at all a matter of consideration. Professor
Osborne Reynolds thus explains this :—It takes
about ten cubic feet of gas to develop 1,000,-

000 foot-pounds in a gas engine, whereas of air

compressed in the, ordinary way, it would re-

quire something like 140 cubic feet to yield the
same power. Hence the comparative cost of

transmission is the cost of transmitting ten
cubic feet of gas against that of 140 cubic feet

compressed air, and these would be about as

one to twenty-five ; so, as a means of distribut-

ing energy, gas is twenty-five times more effi-

cient than compressed air.

Peofessoe Fostee recently read a paper, be-

fore the Physical Society, by himself and
Mr. Pryson, on the difference of potential re-

quired to give sparks in air. Let V=this dif-

ference of potential, £=length of spark in centi-

meters, their experiments give approximately
V=102£+7.07. Tables and curves of the
sparking distances, potentials, and electric

forces in the experiments were given. The re-

sults were got with brass balls 1.35 centimeters
in diameter, a friction machine, and a Foster
absolute electrometer. When ?=.142, the elec-

tric force giving a spark was 154.76 ;
£=.284,

the electric force was 133.35, or less than at a
shorter distance; Z=497, the electric force was
131.66; l=.$, the electric force was 138.57,

that is, it began to rise again.
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ANALYSIS OF A ROOF TRUSS.
By Prof. DeVOLSON WOOD.

Contributed to Van Nostrand's Engineering Magazine.

In the course of my instruction frames
like Figs. 1 and 2, have occasionally been

analyzed graphically. It will be seen that

the chief difference in these frames con-
sists in the position of the horizontal tie

;

joins the lower ends of the long rafters.

In Fig. 1, after finding the reactions of

the supports, the analysis proceeds with-

out difficulty until the joint a or d is

reached, where three unknown stresses

meet. To pass these points various

methods have been devised.

This frame is analyzed in the Graphical

Statistics of Du Bois, and also in his later

work— " Strains in Framed Structures
;"

and I remember seeing a solution, some
years since, in an English journal, I think

in The Engineer, in all of which there is

a resort to a special artifice. In the two

in Fig. 1 connecting the points a and b
of the secondary truss, while in Fig. 2 it

Vol. XXXI.—No. 3—13

former works, the stress on de due to the

load at /"is found, which reduces the un-
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known stresses at d to two, after which
the analysis proceeds without difficulty.

In Fig. 2, three unknown stresses meet
at Q and R, so that the analysis of inter-

nal stresses cannot begin at these points

unless the stress on the horizontal tie be
first found. This frame may be analyzed

by finding the stress on the secondary
parts first, and thence passing to the

primary parts ; but we have generally

sought the stress on the horizontal tie

directly. Various methods were resorted

to, until, at last, I conceived the idea of

using the equilibrium polygon, for this

purpose, which gave not only this stress,

but also the stress at the apes c. I can
hardly presume that this use of the equi-

librium polygon is new, although I have
no knowledge of its having been so used
by others. The process is so distinct,

and the results so satisfactory that we
have used no other method since it was
devised.

For the purpose of illustrating and ex-

plaining the principle, I have assumed
that the frame in Fig. 2 is loaded eccen-

trically, by weights £ p at Q, p at m, p at

o, 2 p at n, p at c, and so on with £ p, p,

li Pi \P-> the last being at R ; and also a

wind pressure normal to Qc of \ w at Q
and c, and to at each of the- joints m, o,

n. nt=ip=l,000 lbs.

Assume that the frame is hinged at R
and free at the support Q, then will the

reaction at Q be vertical. In Fig. 3, con-

struct a force polygon, or so much thereof

as possible, with the known forces ; TP
for the wind pressures, PU the vertical

weights, and a vertical through T to

represent the reaction V,, the length 7

which remains to be determined. From
any assumed pole O, draw the radial lines

in the well-known way, by means of which
construct the equilibrium polygon in Fig.

2, beginning at R the point of applica-

tion of the force V
2

, whose magnitude
and direction are unknown. The radial

line 1, Fig. 3, does, not appear in Fig. 2,

for it cuts V
2
and -£ p, both meeting at

R. The other lines are numbered the
same in both figures. The last line in

Fig. 3 is 15, but in Fig. 2 the polygon
must close, which is done by drawing 16,

after which 16 in Fig. 3 is drawn parallel

to that in Fig. 2. The line 16 in Fig. 2
cuts V, and V„ ; hence S Fig, 3, where 16
cuts the vertical TS, is the common point
of V, and V

2 ; and TS will be V
1}
and US

will be V
2
in magnitude and direction.

TPUST is the polygon of external forces.

up

The magnitude and direction of the

force at the joint c is unknown; to find

which conceive a vertical plane passed
through the point and the left half of the

frame unmoved. Make, as before, as

much of a polygon of forces as possible

with the forces known as acting on the

right half of the frame—which are £ p at

c, then ^ p, p, 1^ p ^ p, which last is at

R, and V„ previously found. The several

weights p are laid off from W to IT Fig.

2, and US=V„ as before found, and SZ
of undetermined length, horizontally

through S will represent the direction of

action of the stress in the horizontal tie.

Using the same pole as before, construct

an equilibrium polygon, beginning at c

the point of application of the force

whose magnitude and direction of action

are unknown. In this case it so happens
that the first equilibrium polygon passed

through c so that the last named polygon

will coincide with the former in part. It

will begin at c and end at R ; hence the
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closing line of the polygon will be Re,

coinciding with the main rafter ; and OZ
Fig. 3, parallel to Re will intersect the

horizontal force at Z, therefore ZS will

represent the stress in the tie RQ. The

Had the pole O, Fig. 3, been taken at

Z, the equilibrium polygon, Fig. 2, would
have passed through c and terminated at

Q so that the closing line 16 would have
coincided with QR, and in Fig. 3 would

line ZW, joining Z and W, will represent

the stress at c in magnitude and direc-

tion. The force polygon for this half of

the frame will be WUSZW. Had the

other half been taken, the force polygon
would have been TPWZST, or the same
result would have been found.

Now the analysis of the other internal
stresses may begin at Q,R, or c, and pro-
ceed in the usual way, the results of
which are given in Fig. 4.

have been ZS ; in which case the stress

in the tie QR, the oblique stress at c, and
the two reactions would have been given

by one construction.

If the first equilibrium polygon, start-

ing at R, does not pass through c, it will

be necessary to construct another. Fig-

ures 5 and 6 show such a construction.

These are for the same problem as Fig.

2, but the scale of the figures are one-
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fourth the size. In Fig. 6, AB=WU of

Fig. 3; BC=US; but the pole 0„ Fig.

6, is in a different relative position. The
equilibrium polygon 2, 3, 4, 5, 6, 7, of Fig.

5, corresponds with the pole diagram of

Fisr. 6. The line 8 of Fiof. 5 is the clos-

ing line of the polygon, parallel to which
is 8 of Fig. 6, and the latter by its inter-

section with CD determines the point D.
Then will DC=ZS of Fig 3, and DA=Z
W ; and the remainder of the solution

will give Fig. 4.

ON THE ALTERATION OF MINERAL COAL BY EXPOSURE
TO THE ATMOSPHERE, TOGETHER WITH A NEW

METHOD TO PRESERVE IT.

By FRANZ POECH, ant. Mining Engineer, Vienna.

Translated by JOHN P. WISSER, First Lieutenant, First Artillery, U. S. Army.

(Oesterreichische Zeitchcrift fur Berg- und- Hiittenwesen, May 31, 1884.)

It is well known that mineral coal,

especially the less compact lignites, hold-

ing much water, crumbles gradually by
exposure to the air for some time, and
the finest and most valuable pieces are

gradually converted into rubbish and
dust. Bituminous coal is less liable to

crumble, but loses by exposure in calor-

ific power, and those varieties applicable

for the production of coke lose the power
of coking. Most mineral coals have a
tendency to ignite spontaneously, and
many a coal depot has already been de-

stroyed by this action.

An effectual method for the preven-
tion of alteration and the spontaneous
combustion of coal would therefore be
of great value to coal producers, who are

often compelled to store coal in enor-

mous masses.

How sensibly the value of coal is dim-
ished by long storage is shown by the
following example:
From a heap of stored Bohemian

brown coal, medium coal I, which lay ex-

posed 5 weeks, only 60 per cent, of this

grade could be obtained in the re-sorting

before shipping ; the other 40 per cent,

was converted into nut coal and dust.

The 40 per cent, removed by alteration

lost in value ^A kreutzer* per hundred-
weight, from which the calculated loss

for the entire quantity of stored coal
amounts to 4.3 kr. per hundred-weight,
the cost of re-sorting included.
The loss to coal works, caused in this

way, is therefore considerable; a work in

* 1 Florin (Gulden) =100 kr., is now worth about 42
cents.

north-west Bohemia hardly makes 4.3 kr.

per hundred-weight of coal. Moreover,
the loss increases in direct proportion to

the time of storage, and cases may be
cited in which 80 to 90 per cent, of the
coal deposited was altered by exposure.

Mining-Engineer Wenzel Poech, in

Karbitz, has discovered a simple, cheap,

and practicable means of preserving piles

of coal. It consists principally in leading
steam into the coal pile, thus excluding
the air and moistening the coal uni-

formly.

Before proceeding to the description of

the process I will discuss briefly the
chemical and physical phenomena attend-

ing the alteration and spontaneous com-
bustion of coal.

Porous bodies, it is well known, have
the property of absorbing gases. This
is. seen in platinum sponge, which con-

denses so much air in its pores that the
heat produced will cause hydrogen, di-

rected against its surface, to combine
with the oxygen and form water. It is

also seen in charcoal, one of the most por-

ous substances, representing, as it were,
the skeleton of the wood mass. Accord-
ing to the experiments of Saussure, char-

coal absorbs 9 times its volume of oxy-

gen, and 35 times its volume of carbon
dioxide.

Mineral coal also possesses a porous
structure, and Saussure has shown that

it absorbs three times its volume of oxy-

gen.

According to Fayol,* the absorption

* Comptes rendus de la societe de l'industrie mine-
rale, 1882, page 74.
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power of all coal, from anthracite to lig-

nite, is 5 to 10 per cent, by weight.

The property possessed by porous
bodies of absorbing gases is a surface

action. The walls of the pores attract

the gases, just as water is drawn into

narrow tubes. This has not been proven
conclusively, but there is good ground
for making the assumption ; moreover,

the hygroscopic power of a substance is

taken as the measure of its absorbing
power, f

While all other gases absorbed by coal

remain unaltered, oxygen is condensed
and combines with the carbon and hydro-
gen, producing heat.

Varentrapp J has shown that brown
coal oxidizes in a current of air of less

than 50° C. temperature, and that the
amount of oxygen absorbed, although
small, is nevertheless increased by an ele-

vation of temperature, and may result in

the complete consumption of the carbon
without producing ignition.

E. Richters § determined the fact that
fresh, dry bituminous coal will absorb a

considerable amount of oxygen in a few
days, without giving off any carbon di-

oxide and water, and that these oxida-
tion products remain condensed in the
pores of the fuel. The latter circum-
stance offers no impediment to the ab-

sorption of oxygen, this only ceasing
when the disposable hydrogen and the
easily oxidized part of the carbon are
combined with oxygen.
At normal temperature the absorption

of oxygen proceeds until the complete
oxidation of the easily oxidized constitu-
ents ; hereby carbon dioxide may be
given off, but at higher temperatures
both carbon dioxide and water are driven
off.

In case the absorption takes place
slowly, so that the heat produced may be
disseminated, and no appreciable rise in

temperature results, hydrogen and oxy-
gen remain condensed in the pores ; only
in the contrary case are they expelled,

and new oxygen absorbed, new quantities
of heat produced. Through the increase
of temperature, however, an energetic
chemical action takes place between the
oxygen and the Combustible material of

t Dr. F. Muck, Grundztige und Ziele der Steinkoh-
len chemie, page 81.

X Johresberichte der chemie, 1865, page 837.

§ Johresberichte der chemie, 1869, page 1120.

the coal, the result of which is finally

spontaneous combustion.
Coal dust does not absorb more oxy-

gen than coarse granular coal, but the
absorption, in consequence of the larger

surface presented by the dust, proceeds
much more rapidly, and herein, together
with the difficulty of furnishing the coal

dust with sufficient fresh air to carry

away the heat, lies the cause of the more
easy spontaneous combustion of coal

dust.

According to Fayol the temperature
of ignition of lignite, in the form of

powder, is 150° C, of anthracite, 300° C.

The causes of the crumbling of coal

by exposure are manifold. In all proba-
bility it is due to the absorption of oxy-
gen and the resulting carbon dioxide,

which, being compressed, must exert a

pressure on the walls of the pores. Pos-
sibly, also, by the chemical reactions, a
body is disturbed which hitherto acted
as cement.

Of great importance, directly or indi-

rectly, in this connection is the circum-
stance that the hygroscopic moisture
evaporates after a certain time, leaving
the fine cracks and pores free for the
penetration of the oxygen of the air, for

which there is thus furnished a larger

surface for its action.

Now, the escape of the hygroscopic
water cannot take place without the pro-
duction of mechanical alterations, as may
be seen in the similar action of the warp-
ing of drying wood, or in the cracks of

a dried swamp ; hence the cracking and
crumbling of stored coal through chemi-
cal action will be facilitated if the pores
are first deprived of their protecting
water.

A means which prevents the escape of

the original mine moisture must be of the
greatest benefit in preserving it. As will

be shown more in detail further on, this

can be accomplished in a simple manner
by immersing the coal in water, or in an
atmosphere of steam, since the mechani-
cally held water will not escape in this

case, and the passage of oxygen into the
pores be prevented. By keeping the coal

constantly moist or by steaming it. aside

from the fact that the air is also externally

excluded from the pieces of coal, the oxi-

dation and alteration may be effectually

opposed.
Brown coal loses little in calorific



182 YAN NOSTRAND'S ENGINEERING MAGAZINE.

power by crumbling, but considerable in

commercial value. In bituminous coal,

as a rule, the yield of coke in coking-,

and of gas in dry distillation, suffers con-

siderable loss. Gas works prefer the

newly-mined coal, as is quite natural,

since the disposable hydrogen, so valu-

able in gas making, is the first to be oxi-

dized by the absorbed oxygen.*
In regard to the part played by iron

pyrite in the spontaneous combustion of

coal, the following remarks may be made

:

The view that only coals containing py-
rite or marcasite are subject to spontan-

eous combustion, must be abandoned,
since the observation has been continual-

ly made that often the coals free from
pyrite have the greatest tendency to

spontaneous combustion.
Fayol, who studied this question thor-

oughly and conducted careful experi-

ments, remarks in this connection :

1. The first and greatest cause of spon-

taneous combustion is the absorption of

oxygen by the coal.

2. The most favorable conditions for the
self-heating of coal are a mixture of

pieces and dust, an elevated temperature,
a lai'ge mass of coal and a certain volume
of air.

3. Large pieces, low temperature,
small volume, and the complete absence
of air or good ventilation, act in opposi-
tion to self-heating.

4. In general pyrite plays only an un-
important, mostly insignificant part in

spontaneous combustion.
5. Mechanical forces, or the heat pro-

duced thereby, cannot be assigned as the
usual causes of the burning of coal

mines.

Durancl assumes that when the sinking
roof of a gallery concentrates the entire

pressure in a few places, considerable
elevation of temperature may be thereby
produced.

In order to investigate the effect of
pyrite in elevating the temperature,
Fayol carried out many experiments by
placing pulverized coal, coal and pyrite in

an air bath at 100° to 200° C, allowing
them to remain some time, and observ-
ing the increase in weight and tempera-
ture.

* The "Journal fur Gasbelenchtungund Wasserver-
sorgung," 1^84, page 232, cites a case in the Nettles-
worth coal, which, after six months' storage, had
crumbled to dust. The yield of gas fell from 29 m» to
87.

He succeeded in showing that pyrite

oxidizes less easily than coal (in the air

bath at 100° C. the samples of coal took
up 7 per cent, oxygen in three months,
pyrite only 4 per cent.), and that the ad-
dition of pyrite to the coal even retards
the increase in temperature. The results

of the experiments of Fayol confirm the
older work of Richters, but are less com-
plete, in that they have reference only to

the air- dried condition of the coal.

That the relation of pyritiferous coal

to oxygen is different in presence and in

absence of moisture, the experiments of

Richters have conclusively proven.
This investigator found by direct ex-

periment that pyritiferous coal, kept con-

stantly moist, absorbs twice as much oxy-

gen as in the dry state. The moisture
accelerates the decomposition of the py-
rite, and induces further chemical proc-

esses, such as the formation of salts, the
absorption of water, etc., by which again
heat is produced. In order that the
moisture may cause this action a sufficient

amount of oxygen is necessary.

Moisture, as a rule, rather retards than
accelerates the production of heat, and
only under peculiarly favorable condi-

tions, and in presence of much pyrite
and a sufficient volume of air is it capable
of promoting the alterations.

Hence, neither pyrite nor moisture nor
mechanical power appears capable, in gen-
eral, of causing the burning of mines,
and, in by far the greatest number of

cases, the cause of spontaneous combus-
tion can only be found in the absorption
of oxygen.

If the coal is placed in an atmosphere
of water vapor, which excludes the at-

mospheric oxygen from the coal, the hy-
groscopic water will have no tendency to

leave the pores of the coal, nor can a
chemical action set in, even in presence
of pyrite, the oxidation of which is, under
other circumstances, essentially promoted
by the presence of moisture.

It is therefore not to be doubted that,

by displacing the oxygen and keeping the
coal moist, alteration and spontaneous
combustion may be checked. A com-
plete immersion would meet the require-

ments, but would only be practicable in

rare cases ; irrigation alone would not be
perfectly successful.

Wenzel Poech excludes the air and
produces a uniform wetting of the stored
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piles of coal, as already mentioned, by
admitting spent steam into the depot
pile.

For this purpose a series of trenches
are cut in the depot ground, as shown in

cross section here ; they are so covered
with beams and boards that narrow
spaces remain, not large enough to per-

mit the coal to fall through.

coal to be stored and the height of the
pile ; for medium-sized coal the distance
between the canals, with a height of pile

equal to 3 m. is 3 m.
The exhaust steam of a steam-engine

of 4e, which was worked for but six hours
during the day, was entirely sufficient for

the preservation of a depot of 20 car-

loads of coal.

V" '

.1 i ~~i \ i r~~~~)

The boards are simply laid on cross

pieces, are not fastened, and can be easily

removed for the purpose of cleaning out
the trenches.

On the ground thus prepared the coal

to be stored is deposited in the usual
way, the trenches are then connected
with the exhaust-pipe of a steam-engine,

and the steam admitted ; it passes
through the interstices in the covering
into the coal pile, disseminates itself

through the latter, displaces the air, and
in consequence of the condensation of the

vapor moistens the coal uniformly.

In order to effect a uniform distribu-

tion of the vapor it is necessary to cover
the coal depot with fine coal and cinders,

as in the case of charcoal heaps ; there-

by strong draughts of air will also be
prevented from passing through the pile

and interfering with the equal distribu-

tion of the steam. In case of coal con-

taining little pyrite, careful covering of

the pile is not so necessary, but is of

importance in case of coal rich in pyrite.*

The width of mesh of the network of

canals which exists in large depot grounds
depends upon the size of the pieces of

* This should be confirmed, by determining first
whether the covering of the pile, by pre venting the
escape of the heat developed by the condensation,
may not be harmful.

In carrying out the process it Was re-

peatedly shown that the losses sustained

in the purely mechanical movements, in the

pouring out at the unloading of the coal,

are far smaller than they are usually as-

sumed to be, and that in this assumption
a large portion of the waste produced by
alteration was attributed to the destruc-

tion by the pouring out.

In the loading of the coal preserved by
steam it was found invariably that only

in the locality where the first unloading
took place, and where the coal fell

from greater heights, attrition took
place, the rest of the coal was good, was
well preserved, and could be loaded with-

out re-sorting.

The cost of construction of the trenches

and their coverings—for which latter old

and otherwise useless boards, beams and
road-beams of the mine are utilized

—

for a depot for 100 car-loads of coal

amounts, at most, to 30 florins.

The cost of working is nothing, and
the outlay consists only of the cost of

preserving the trenches, and the interest

and amortization on the applied capital.

Eesults relative to the use of this

process have been obtained at the follow-

ine1 works

:
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" Exc. graflick Nostiz'scher Maria An-
tonia"' shaft, near Karbitz.

"Ferdinand " shaft, near Teplitz.
" Bruno " mine, in Weisskercklitz, near

Teplitz.

At the Maria Antonia shaft, in conse-

quence of the thankworthy permission
and support of " Berg-director " J. Neu-
ber, the manager, "Wenzel Poech was en-

abled to make the first experiments, and
since then the process has been in full

working order.

At the Ferdinand shaft, belonging to
the Austrian Coal Industry Association,
confirmation of the described preserva-
tion method was quite accidentally found;
over a reservoir, covered with debris, and
into which exhaust steam passed, coal

had been deposited, which, on reloading
it, was found to be perfectly preserved.

According to communications from
mining engineer Hans Gutmann further
experiments were carried on with favor-
able results, and the working of the proc-
ess on a larger scale was proposed.
The Director of the Bruno Mine, Em.

Baier, uses old gratings to cover the
canal • he also subjected coal, without
covering with cinders, for more than two
months to exhaust steam, and found it

in no way altered.

To insure a uniform production, and
with reference to the increasing losses at

the works, it is much to be desired that
this process may prove completely suc-

cessful, especially as the methods former-
ly used proved worthless.

The usual insertion of wooden tubes
and the production of canals in the coal

pile is directly detrimental, since oxida-

tion is thereby only favored ; investiga-

tion has also shown that at the surfaces

of contact between the walls of the tubes
and the coal, the latter is most liable to

spontaneous combustion, so that now, on
the contrary, the tendency is to level

the coal as compactly as possible.

I arrive, therefore, at the following

conclusions

:

Freshly-mined coal, deposited on the

rubbish piles is capable of condensing sev-

eral times its volume of oxygen in its

pores. The oxygen absorbed enters into

chemical combination with the easily oxi-

dized constituents.

According as the absorption is rapid

or slow, a greater or less elevation of

temperature is produced. In the former
it may lead to spontaneous combustion.
The crumbling of coal is, among other

causes, a consequence of the absorption

and condensation of oxygen in its pores*

and the chemical changes taking place.

The escape of the hygroscopic moisture
favors the absorption of oxygen.
The pyrites can only produce a fur-

thersome effect on the increase of temper-
ature when present in considerable quan-
tities, and then only in presence of moist-

ure and ah1

; in the dry state they must
be regarded as perfectly passive, and
may even be detrimental to the warming.

Freshly-mined coal placed in an atmos-
phere of steam can suffer no change.

Even with incomplete exclusion of the

air the steam will, in general, oppose
oxidation and warming, principally by
uniform moistening of the pieces of coal.

THE CONSTRUCTION OF IRON VESSELS.
From "Iron.'

The following paper, on " The Con-
struction of Iron Vessels and the Board
of Trade Rules in regard to the Safety
of 6hips and the New Shipping Bill,''

was read on May 8, at the Inventors' In
stitute, Lonsdale Chambers, 27 Chancery
Lane, by Mr. S. J. Mackie, C. E.

If we regard the whole of the contro-
versies which have been so hotly waged
between the President of the Board of

Trade, the shipowners, the shipbuilders,

and the mariners, can we rise from the

contemplation and feel that the roots of

the evil have been really reached ? Or,

that the responsibilities tried to be
thrown on shipowners are such as ought
not to be properly shared at least by the
Board of Trade ? The position of ship-

owners with regard to governmental con-

trol ought to be either entire responsi-

bility within well-defined limits, or entire

absence of responsibility by compliance
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with governmental requirements. What-
ever the shipbuilders have done amiss,

the Board of Trade has done worse ! In
fact, in this case of safety of ships at sea,

the Board of Trade rules have prevented
safe ships from being designed, and have
offered a distinct premium for the build-

ing and sending to sea of unsafe and un-

trustworthy ones. Let the Board of

Trade revise and alter its own rules, and
there will be little need for other legis-

lation. It will not be in the interest of

shipowners to own dangerous vessels, if

they can get safe ones to be built upon
anything like equal terms. The severe

inequality of the existing terms are solely

due to the rules of the Board of Trade.
There are points to be brought out.

What really is the condition in which we
find the ships of our mercantile marine ?

Look at the newspapers from day to day
under the heading of " Wrecks and Cas-
ualties," arid for the various accounts of

vessels run down in collisions or broken
up on going ashore, or capsized from
shifting of cargo! Ought an iron vessel to

go to pieces when she goes ashore ? Or,
if properly constructed, ought she not to

rest there, and resist the battering of

winds and waves until a high tide admits
of her release ? Ought an iron ship to

sink in so few minutes after a collision

on the broadside that there is not time to

rescue even her crew—still less time to

rescue her passengers if she carries any ?

Ought any sailing ship to capsize if prop-
erly designed? Ought a steamer's shaft

ever to break by twisting, or engine bear-
ing ever to get hot, as they frequently do,

through the strains of a badly constructed
hull

1

? These are questions which a

knowledge of existing inventions would
speedily reply to, and are conditions
which, if required to be fulfilled, invent-
ors would quickly answer ! Let us go no
further than the Thames, and we shall

see river steamers built to the require-
ments of the Board of Trade, and ap-
proved by surveyors, having thb middle
body entirely undivided, with all the dead
weight of the engine in it, and only £-in.

iron skin to keep out the water ! Such a
vessel being hit amidships, what would
be the result? We know it by the
Princess Alice. The dead weight of the
engines and boilers would tend by grav-
itation to sink ; but ' the buoyancy of the
ends would cause upward pulls, the com-

bined action tending to increase the gash
and to pull the hull asunder. Is tLis a

fit vessel to carry passengers by the hun-
dred on a river busy with tidal, steam,

and sailing traffic ? Common sense says

"Certainly not." But the Board of

Trade sanctions such steamers, not only

for the river, calm and smooth, but for

service on the boisterous seas ! Does
anyone conceive that the surveyors of

the Board of Trade don't know such ves-

sels to be unsafe ? Assuredly they must
know it ; but will the Board of Trade
permit the interference of its officers %

The Board of Trade declines responsi-

bility, but it does not decline to enforce

its antiquated rules upon the designers

of ships—rules neither founded on arith-

metic nor honesty, but which fudge the
tonnage of the ship, and risk the sailors'

lives, to save the owners' pockets in

dues to be paid 1 Are not harbors and
lighthouses, whether English or foreign,

worthy of their tolls for their services to

shipping without being cheated of their

dues by rules of measurement, which
give dangerous vessels the advantage over

safe ones? These rules have been
handed down from our grandfathers, who
had wooden vessels, and kept the carry-

ing trade of the world in their hands.

So it is that still, by the breadth and
half breadth and other complications, the

Board of Trade rules bring about the

calculated result, that a rectangular box
swum one way in the water will carry

more upon the same displacement of

water, than it will if swum the other way
—which is nonsense. In the olden time
it gave the shipowner a governmental cer-

tificate far below the carrying capacity of

his vessel, and consequently his ship's

dues were less than they ought to be
whenever he had to pay them. These
rules do the same thing now for the

modern iron ships and the modern ship-

owner. But note what has been the ef-

fect of these rules upon the naval archi-

tect, the designer, and the contractor I

The ancient shipowner regarded that

man as the best architect who could pro-

duce a sea-going vessel which could

carry her cargo best on the same ton-

nage measurement by Board of Trade
rules. Hence we have in the stated de-

tails of vessels, " tonnage registered " as

distinct from " displacement." The naval

architect has almost disappeared. Ship-
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builders have become ship designers, and
cheap ships have become as cheap houses.

Shipowners think most of the firm who
can get most cargo into a ship of the

same registered tonnage. It is only to

know what is the fundamental principle

of this dodge to comprehend at once
how its application must produce
the worst sailing and the worst
steam vessels, as well as the most
dangerous, the more fully it is em-
ployed and carried out. There is no
form of vessel or receptacle that will

carry more than a square box. Hence
the direct outcome of the Board of Trade
rules is the square midships section.

Now, floated in the water there is no
form more unstable. It capsizes natural-

ly, and load it uniformly, or how you
will, the tendency to capsize is always
there. It is innate, and can never be got
rid of. The square midship section,

then, is the dodge—the instability of the

ship is the result. The old wooden ves-

sels had a reserve of buoyancy in the

thickness and lightness of the material

of which they were constructed, and
waterlogged wrecks were not uncommon.
There are no waterlogged iron, single-

skinned vessels, and one reason why
steel is preferred to iron is that that ma-
terial can be prepared thinner and lighter,

and so add to the carrying capacity of

the hull. Bat the thinness of the mate-
rial adds also to the danger of those on
board, who have to traverse the seas in

sailing vessels. Sailing ships have to be
varied in depth in proportion to the

sails they carry. The sailing ship prac-

tically is a pendulum, the weight upon
the bottom of the hull bringing the sails

upon the mast against the pressure of

the winds. The sailing ship, therefore,

must cleave the water as she passes
through it. Not so the steamer ; the
steam engines make it independent of the
winds, and its contained motive power can
propel it, if not entirely, at any rate to a

large degree, over the water, instead of

through it. If sail and steam power are

combined, the requirements in the form
of the hull will have to be modified ac-

cordingly. The proper fundamental con-
dition for steamers is breadth of beam.
Broader steamers of the same bulk will

steam faster than narrow ones. Broader
steamers will be more stable than narrow
ones, will have less draught of water for

the same dead weight of cargo carried

than narrow ones, and consequently they
can get into tidal harbors, and estuaries,

and rivers where deep-draught vessels

cannot go. Breadth of beam has also

similar advantages in ships with sail and
steam power. But breadth of beam is

worse than prohibited by the Board of

Trade rules. It is absolutely fined ! It

is charged for dues by the registered

tonnage, for more tons than can actually

be stowed. But breadth of beam— at

any rate, properly proportionate breadth
of beam—is essential to the designer, if

he is to give proper outline and form to

his vessel. He cannot bring out the
best, the easiest, the steadiest, fastest,

safest, and most seaworthy and stable

form of hull without being as unlimited

in the scope of breadth as he is in the

scope of length. Neither can he bring
out all the good qualities of hull if he be
restricted in the application of mechani-
cal principles, or in mode of arrange-

ment. All these are completely inde-

pendent, except under Board of Trade
rules, of the proper requirements for

tonnage measurement. All that the

Board of Trade ought to do is to ascer-

tain that there is buoyancy enough in the

particular ship to be registered for her

to carry a given weight of cargo upon a

given load-line—in other words, that the

cargo-carrying capacity shall be estimated

by displacement. Thus, say that a thou-

sand tons of cargo, whether in bulk or

dead weight, shall be taken on a thousand
tons displacement of water, and that the

load-line should be fixed and written on
the register at this point. Take it

another way: the vessel, when light,

draws, say, ten feet of water, it is easy

to calculate that with a thousand tons
1

weight of cargo on board she will draw,

say, 20 feet of water. Her load-line

should be marked at 20 feet and her

registered tonnage certified at 1,000

tons. Do this, and the naval architect

can do his very best, and the shipowner
will be able to buy a safe ship for almost

the price of a dangerous one. He will

then pay any small extra cost, as he will

save it in insurances at diminished rates,

as he can have a vessel which cannot

founder, even if cut in two ! He will

have an easier ship, a faster ship, one

that cannot capsize, and he will have no
more dues to pay than he ought to do,
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and which it is right and proper and
honest that he should pay. The accom-
modation for passengers on this ship

will be better than on a narrow one.

The stowage of cargo will be better, and
the lives of the captain and his crew will

be unimperiled by any of the needless

and terrible dangers brought about by
the senseless rules of the Board of

. Trade, and its still further objectionable

proceedings of allowing the owner to fix

his own load-line disc where he pleases

upon the ship. The introduction of iron

into shipbuilding has been effected by
men who were imbued with the notions

of wooden sailing-ship builders. Hence
the semblance of carpenters' work still

remaining in iron ships. The old leaven

leavens the mass, sailing ships and
steamers alike. The practice of the ship-

builders designing their own ships is a

grave barrier to progress in the general

improvement of iron vessels. The ship-

builder now generally builds the engines
also, and consequently there has arisen

the convenient but not incontrovertible

theory that the form of the vessel has
nothing to do with the speed, and hence
we are told that " you can drive any form
of vessel at any speed you like, only you
must put in the horse-power, and pay for

it."

What, then, are the essential require-

ments for an ideal proper iron ship? (1)

Strength, combined with lightness of

construction. (2) Safety, by division of

the hull by bulkheads, both transverse
and longitudinal. (3) Buoyancy suffi-

cient to float the vessel with its cargo
properly, and enough to spare as a reserve
to prevent the vessel sinking under any
amount of damage she may receive

afloat. (4) Rigidity in the construction
of the hull, so that there shall not be
contortions and vibrations of its frames
and structure, and that the bearings of

the engines and shaft shall not be subject
to strains detrimental to the working of

the engines. (5) Proper design of ship,

so that the vessels shall have the best
qualities of easiness, stability, and exter-

nal form. Seeing the weakness of exist-

ing vessels, it is clear that the longitu-
dinal strengthening of the ordinary hull

is a most vital matter. Regarding the
box girder as the strongest form of irou

construction, I have always advocated as

the fundamental basis of an iron ship

the assumption of this particular recti-

lineal form. This is easily accomplished,
and to any extent required, by the dispo-

sion of the transverse bulkheads with an
iron deck and the introduction of two
longitudinal girders. By rising the kel-

lon internally the box girder chambers,
into which the interior of the hull is thus
converted, is supported for its whole
length, and in this way an end-on-end
strength is imparted to the ship as

should bear her harmless from serious ef-

fects from end-on-end encounters. The
longitudinal girders would be of even far

more importance against broadside col-

lisions. We have seen the Arona tra-

verse the ocean for hundreds of miles
with her bows stove in by collision with
an iceberg which would not get out of the

way ; and we have read of the Vanguard
going down in fine weather and in broad
daylight from a tap amidships. Amongst
merchant vessels, with scarcely any ex-

ceptions, iron vessels of all classes go
down after broadside collision so sudden-
ly that only a few out of the many on
board are saved, even when brave hearts

and willing hands are ready to do any
deed of daring if but a few minutes of

precious time were permitted for the ex-

ercise of their courage and their help.

i By the combination of longitudinal and
transverse bulkheads, only one or two
local compartments, external to the main
and vital interior box girder chamber of

the ship, would be filled with water in

the most severe collisions, and the sink-

ing of vessels from broadside collisions

would be thus eliminated from the cate-

gory of the serious dangers of the sea.

The introduction of longitudinal girders

would prevent any dangerous shifting of

cargoes, and would also—under a proper
Board of Trade system of registration

for dead weight of cargo to be carried

—

a sufficient reserve amount of buoyancy,
reserved, too, in the right places, as

should, under every circumstance, pre-

serve the vessel from sinking. Such
spaces of reserved buoyancy should not
be legally used for cargo. They would
not remove or take away from the buoy-
ancy ordinarily in action for the flotation

of the ship and its cargo, but they would
come into action when, and only when,
the ordinary buoyancy was interfered

with, whether by intake of water by
breach of the skin of the ship, or by
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the heeling over of the vessel from
sail power, or from any other cause.

Then the reserved spaces would exert

a righting influence automatically, and
in direct proportion to requirement.

Some of the practical officers of the Board
of Trade have personally recognized the

value of this system of designs which I

have unofficially submitted to them, as

also have various officers of the great in-

surance companies. Some of the most
eminent of our best shipbuilders have
also been willing to contract for building

such vessels as against estimated price,

and to take the risk upon themselves of

repayment of cost as against very high
speed to be realized. But how could the in-

vention progress when the shipowner was
subject to loss under the Board of Trade
rules for every improvement which he
was asked to make, and which, it is true,

added something to the cost of the con-

struction of the ship. Even the total

extra cost was in some measure due to

the unalterable requirements of the

Board of Trade, which prevented their

surveyors from passing vessels for classi-

fication with an external skin of less than
a certain thickness, and which thickness

might be right in regard to single-skin

ships of ordinary construction, where the

main strength of the ship is in the skin ;

but which rules are clearly inapplicable

to vessels constructed with an internal

box girder chamber, constituting an in-

dependent citadel of strength and safety,

not to be compromised by the damage or

even total loss of the outworks. The
Board of Trade have already, on the ap-

plication of Messrs. Denny, of Dumbar-
ton, eliminated the double bottom from
measurement for the registered tonnage

;

why not go the whole length further and
eliminate buoyancy spaces.

1

?

"Whilst vessels are measured from out-

side to outside, and the whole cubic con-

tents calculated by the existing rules of

the Board of Trade, so long will the rect-

angular midship section of hull be adopt-

ed by shipowners. But it is, as has been
said, an unstable form, and water ballast

is required to keep the vessel from turn-

ing over. The more dead weight cargo
that is put in, the better for the stability

;

but it is the reverse with homogeneous
or bulky cargoes, such as grain, cot-

ton, and so forth. If, after the cargo
is taken in, the load-line of the ship

is brought out of the water by pumping
out the water ballast, the instability of

the ship is increased. If double sides be
permitted to be exempt from tonnage
measurement, their adoption by shipown-
ers will be advantageous to them. If the
concession of eliminating the double bot-

toms was right—and it %cas right—then
the first concession should be followed

and longitudinal side spaces should be
conceded also. By taking the actual

load-line of a vessel as representing the

displacement of water by actual weight
of cargo, no. vessel with an improper car-

go on board could go to sea unobserved,
and the pranks which are played with the

Plimsoil load-line at this time would be
no longer practicable. The dodges
played by shipowners between double
bottoms and water ballast and cargoes
only require to be made intelligible for

the public to understand how valueless,

in regard to the safety of our sailors, as

well as our ships, have been the ways and
doings of our Board of Trade, how ut-

terly inadequate has been the legislation

on the subject, and how profoundly ig-

nored by Parliament have been the funda-

mental scientific principles which govern
the vital subjects of naval architecture,

shipbuilding, speed, safety, and loading.

One of the missions of the Inventors'

Institute, it seems to me, should be to

watch over discussions of such national

importance, and in such cases to bring

under the attention of the public and of

the legislature the scientific principles

involved, and to demonstrate the general

practical bearings of existing inventions.

At a recent meeting of the Philadelphia En-
gineers' Club, President Ludlow described

tests of the crushing strength of ice, which
were made by him in order to learn approxi-
mately the strength required for an ice harbor
of iron screw-piles, in mid-channel, at the head
of Delaware Bay. Eighteen pieces were tried

with Government testingmachines at Frankford,
Philadelphia, and at Fort Tompkins. Staten
Island. The specimens were carefully pre-

pared Gin. and 12in. cubes, and roughly cut

slabs about 3in. thick, of different qualities and
from different localities. For pure Kennebec
ice, the lowest strength obtained was 327 lbs.,

and the highest 1,000 lbs. per square inch. For
inferior qualities, the strengths varied from
235 lbs. to 917 lbs. The higher results were ob-
tained, generally when the air temperature in

the testing room was from 29 deg. to 36 deg.

Fah. , as against from 55 deg. to 68 deg. Fah.
for the lower results. The pieces generally

compressed from iin. to lin. before crushing.
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EXPERIMENTS ON THE PASSAGE OF ELECTRICITY THROUGH
GASES-SKETCH OF A THEORY.*

By ARTHUR SCHUSTER, Ph.D., F.R.S.

From " Nature.

The passage of electricity through
gases has of late years become a very
favorite subject for experimental investi-

gation. A large number of facts have
thus been accumulated, and it becomes
of importance to see whether these facts

throw any light on the theoretical notions
which we have based on other branches
of electrical inquiry.

If we have two bodies at a different

electrical potential separated by a layer

of air, we might imagine the air in con-

tact with the bodies to become electrified,

then move on, impelled by the electric

forces, arid re-establish equilibrium by
giving up their charges. The passage of

electricity through gases would then be
similar to the diffusion of heat. But,
however natural such a view would be, it

is impossible to maintain it in the face of

experimental facts. The experiments
which I shall bring before you to-day

seem to me to support, on the contrary,

the idea that the passage of electricity

through a gas resembles the phenomenon
studied by Helmholtz under the name of

electrolytic convection.

I shall avoid as much as possible all

suppositions and hypotheses which can-

not be put to the test of experiment ; but
it seems necessary to start with some as-

sumption in order to avoid too great a

vagueness in the subsequent explana-
tions. The assumption which I shall

make is this : In a gas the passage of

electricity from one molecule to another
is always accompanied by an interchange
of the atoms composing the molecule. I

shall also try to prove that many facts are
easily explained by the assumption that
the molecules are broken up at the nega-
tive pole.

If, in a vacuum-tube of the ordinary
form, the discharge is passed at a press-

ure of about one millimeter, a luminosity
is seen round the negative pole which is

called the negative glow. A luminous

* Abstract of the Bakerian lecture. Read before the
Royal Society.

tongue projects from the end of the posi-

tive pole, which I shall call the positive

part of the discharge, without meaning
to imply that it is charged with positive

electricity. The positive part of the dis-

charge and the negative glow are sepa-

rated by a non-luminous space, which I

shall call " the dark interval." The glow
itself is divided into three layers, the

thickness of which increases with decreas-

ing density. Closely surrounding the

electrode itself, we have in the first place

a luminous layer, which on new electrodes

is of a golden color. The spectroscope

shows the presence of sodium and hydro-

gen ; the sodium is due to foreign mat-
ter deposited on the electrode, and the

hydrogen is expelled by the action of the

heat out of the electrode by which it had
been absorbed. When the electrodes

have been in use for some time, the gold-

en color disappears, and the spectrum
belonging to the gas used is seen. The
second layer is known by the name of the

dark space. The third layer is the glow
proper.

The theory which I shall endeavor to

establish is this : That within the first

layer the gaseous molecules are decom-
posed, that their negative parts are pro-

jected with great velocity through the
dark space, that this velocity is gradually

reduced by impacts within the glow, and
that in the positive part of discharge the
discharge takes place by diffusion except
when stratifications appear.

According to the kinetic theory of

gases, the molecule of mercury vapor
consists of a single atom, which is inca-

pable of vibration. Mercury has a very
brilliant spectrum, which proves that the

theory is incomplete in some important
point. It is well known, on the other

hand, that the theoretical conclusion re-

ceives support from the fact that the
vapor-density of mercury vapor is anom-
alous. If, as is generally supposed, the
molecule of the majority of gases contains

two atoms, that of mercury can only con-
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tain one. If an essential part of the glow
disehai'ge is due to the breaking up of

the molecules, we might expect mercury
vapor to present other and much simpler

phenomena than the gases with which we
are generally accustomed to work. This,

indeed, is the case ; for Ifind that, if the

mercury vapor is sufficiently free from
air, the discharge through it shows no
negative glow, no dark spaces, and vo
stratifications. At the ordinary temper-

ature the spark does not pass through
mercury vapor, but if a tube free of air,

but containing mercury vapor, is heated,

the discharge passes always in a continu-

ous stream of light. It is not always

quite symmetrical with respect to the two
poles ; and a very curious tendency of the

spark is noticed, to pass at the negative

pole rather from the glass out of which
the electrode protrudes than from the me-
tallic electrode itself. A brilliant sodium
spectrum then appears at the point from
which the spark sets out. Whenever
small traces of air remain, stratifications

are very apt to appear, as a mixture of

air and mercury gives fine stratifications,

but I have never noticed them after suf-

ficient removal of the air.

I now pass to the description of an ex-

periment which seems to me to be only

capable of explanation by the views

brought forward in this paper, and I

should like therefore to consider them as

crucial experiments, which have to be ex-

plained by any true theory of the dis-

charge. As negative electrode, I use an
aluminum cylinder of 5.5 cm. internal di-

ameter and 8 cm. long. A long aluminum
wire running parallel to the axis of the

cylinder at a distance of about an inch

formed the positive electrode. On ex-

haustion, the discharge at first passes as

a spark in the ordinary way, but as the

pressure decreases the glow gradually

surrounds the whole cylinder, with the

exception of a dark strip about 2 or 3 cm.

in width, directly opposite the positive

toire. The positive electrode seems, there-

fore, to repel the negative glow.

The following seems to me a plausible

explanation of the phenomenon which 1
have just described. The rapid fall of

potential which is observed on crossing

the negative electrode suggests at once,

independently of any theory that we have
to deal with, the action of a condenser,

for we know that no statical charare can

produce a finite difference of potential at

the electrode, while a double layer will

produce a discontinuitj'. Although it

may not be proved that an absolute dis-

continuity of potential exists at the kath-

ode, it is yet certain that a very rapid fall

occurs at tbat place. This is all that is

necessary for the argument.
We recognize such a double layer in

the case of electrolytes, but there is an
essential difference in the thickness of the

layer within which we must imagine that

condenser action to take place. In the
liquids that thickness must be very small,

as is shown by the intensity of the ob-
served polarization currents The posi-

tively electrified matter in every case is

kept against the negative surface by a

joint action of electrical and chemical
forces, for it has been shown by Helm-
holtz that only thus can we explain a dif-

ference of potential between two bodies.

It is the chemical forces which keep the
electricities asunder. The gaseous mole-
cules or atoms, however subject to their

mutual encounters, and always having
certain velocities, will tend to leave the
surface. They are kept near the surface,

however, by the electrical forces.

Suppose, now, that a positive electrode

is placed near such a condenser. The
resistance of the gas is so much greater

than that of the metal electrode that we
shall assume the whole electrode to be of

the same potential. The lines of force

will then cut the surface at right angles,

and could we assume the condenser to be
infinitely thin, there would only be a nor-

mal force acting on its particles ; but as

the lines of force are curved, the particles

not in immediate contact with the surface

are acted on by a tangential force which
will tend to drive them away from the

positive electrode. As a steady state will

only be possible when the total force is

normal throughout the condenser, we ar-

rive at the condition for the steady state

that within the - condenser the fall of po-

tential must be the same for equal dis-

tances measured along the normal to the
surface

.

Experimental evidence speaks strongly

in favor of such a conclusion. If, for

instance, a thin wire is used as electrode,

it is well known that the tension at the

end of the wire before discharge is very
much larger than anywhere else. At high
pressures the discharge passes indeed
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from the end of the wire, but as the ex-

haustion proceeds, the glow gradually

covers the whole wire, and the same
amount of electricity flows out of equal

areas situated anywhere on the wire, for

the dark space which alters its width with

the intensity of current is everywhere the

same ; this implies that the fall of poten-

tial per unit distance is the same all over

the wire.

Hitherto we have only assumed a cer-

tain number of particles positively electri-

fied in the immediate neighborhood of

the negative electrode, and we have left it

altogether undecided what these particles

are. But if we consider now the fact that

the glow does not appear opposite the

positive electrode, that is to say, that

while the the fall of potential is the same
all over the surface the flow is stronger

at some places than at others, we are

driven to the conclusion that the flow

does not altogether depend on the fall of

potential, and we must again look for an
explanation in the chemical as well as the

electric forces. Wherever the fall of po-

tential is chiefly produced by the presence

of the positively electrified particle,

which I now assume to be the decomposed
molecules of the gas, these will help by
their chemical action to decompose other

molecules. Opposite the positive pole

the fall of potential is principally due to

nearness of that electrode ; chemical
forces are absent, and the molecules will

not be decomposed. This is, I believe,

the explanation of the dark area. And it

brings with it the explanation of a large

quantity of other facts, as, for instance,

the one which has been so long observed
and well established, that once a current
is set up in the gas it requires a much
smaller electromotive force to keep it go-
ing. For the discharge, according to us,

will generally be introduced by a spark
which must give the first supply of de-

composed molecules before the continuous
glow discharge can establish itself.

I may for the sake of clearness once
more mention shortly the principal points

of the argument.

The rapid fall of potential in the neigh-

borhood of the negative electrode renders
the presence of positively electrified par-

ticles in its neighborhood necessary.

If the distance through which the con-

denser action takes place is sensible, the

positively electrified particles will be act,ed

upon by a neighboring positive electrode.

A steady state will be established in

which the fall of potential along the nor-

mal from the surface will be everywhere
the same.

As, however, the flow is stronger away
from the positive electrode, we must con-
clude that other forces besides electrical

forces determine the flow.

It is natural to assume that these are
chemical forces : that, in other words, the
positively electrified particles are the de-

composed molecules, which by their pres-

ence assist the decomposition of others,

and therefore the formation of the cur-

rent.

Unless a flaw is detected in this line of

argument, I think that the conclusion
must be granted, namely, that the decom-
position of the molecules at the negative
electrode is essential to the formation of

the glow discharge. This is really all

that I endeavor to support in this paper.
The rest can only be settled by further
experiments. And amongst the rest I
count also the primary cause which orig-

inally produces the decomposition of

molecules at one pole rather than at an-

other. It is possibly due to an electro-

motive force of contact between the gas
and the electrodes which tends to make
the gas electro-negative.

The gaseous molecules, then, according
to our theory, are decomposed at the
negative pole. Their negative constitu-

ents can follow the electric action, and as

the fall of potential in the immediate
neighborhood of the pole is very rapid,

the atoms will leave the pole with consid-

erable velocity. That the region of the
dark space is filled with matter projected
from the negative pole follows almost
conclusively from the experiments of

Goldstein and Crookes, and is also shown
in a most striking way by an experiment
due to Hittorf. If a tube contains two
parallel wire electrodes at a distance of,

say, a quarter of an inch, the discharge
will at high pressure pass in the usual
way from electrode to electrode, but at

very low pressures the discharge from the
positive pole goes away from the negative.

The results can be shortly expressed by
saying that, as far as the positive pole is

concerned, the inner boundary of the
dark space forms the negative electrode.

If the dark space is small and does not
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reach to the positive pole, the discharge

passes from the latter towards the nega-

tive pole, but as soon as the dark space

extends beyond the positive pole, the
positive part of the discharge goes to-

wards the nearest point of the dark space

that is straight away from the negative

pole.

We have then two closely adjoining,

almost overlapping, parts, in which the

discharge is in opposite directions, and
this could not be unless electricity is car-

ried by matter which can, owing to its

inertia and high velocity, move against

the electric forces. To my mind this ex-

periment proves conclusively that the

negative electricity is bound to matter
projected with high velocity away from
the negative pole.

Goldstein has shown when a thin pen-
cil of the negative glow belonging to one
electrode passes close to another the

pencil is deflected. According to our
view, such a pencil would be formed by
a succession of negatively charged parti-

cles projected in nearly the same direc-

tion away from the negative electrode;

as these particles pass by another kath-

ode, they are naturally deflected out of

their path by the electric forces. Gold-
stein has shown that if the current is

equally divided between the two kath-

odes, the deflection is independent of the
intensity of the current, the pressure, and
the nature of the gas. This is exactly

what ought to happen according to our
theory, for strengthening the current at

one kathode means, as will presently ap-
pear, increasing the velocity of the parti-

cles. The square of the velocity will

increase in the same ratio as the total fall

of the potential in the neighborhood of

the negative pole ; as the particles pass
the other kathode, the forces from it are
increased in the same ratio as the square
of the velocity with which they are mov-
ing, and consequently the path will re-

main the same. Similarly all the other
experimental facts established by Gold-
stein can be easily explained.

The most conclusive proof of the view
adopted in this paper would be found in

the demonstration that the amount of

electricity carried by each particle was
always the same, whatever the current.

I propose to test this fact in the follow-
ing way:—It was found by Hittorf that
the particles proceeding from the nega-

tive electrode, and projected at right

angles to the lines of force in a magnetic
field are bent round in a circle. This is

as it should be, and I calculate that the
radius of the circle ought to vary as

^/F/e, where F is the total fall of poten-

tial within the region in which the parti-

cles acquire their velocity, and e is the

amount of electricity carried by each par-

ticle. As the current increases, it is

shown by Hittorf that F increases ; and
I find that at the same time the diameter
of the ring in the magnetic field increases.

If this diameter varies as the square root

of F, it would be proved that e must be
constant as it is in electrolysis. At pres-

ent we can only say that the average
amount of electricity carried by the par-

ticles must increase less rapidly than the

fall of potential. If e varies at all, we
should expect it to vary proportionally to

the fall of potential in the neigborhood
of the negative electrode, and in that case

the diameter of the ring would be inde-

pendent of the current, which it is not.

The theory which I advocate involves

the existence of a polarization, and it

might be considered a difficulty that no
polarization currents have with certainty

been observed in gases. I believe the

difficulty only to be apparent, for the ex-

periments prove that the fall of potential

near the negative pole, though rapid, is

not sudden, so that the layer within
which the condenser action takes place is

very much thicker in gases than in liquids.

The capacity of the condenser is there-

fore smaller, and though the total fall of

potential in the gas may even be stronger
than in the liquid, the polarization cur-

rents might escape observation.

With regard to the positive part of the

discharge it will be sufficient here to

mention that stratifications are principally

observed in mixtures of gases or in com-
pound gases, and that in the intervals be-

tween two stratifications the discharge is

very likely carried as through the dark
space at the negative electrode, while in

the stratifications re-combination of the

decomposed atoms takes place.

An interesting law has been proved by
Hittorf and E. Wiedemann in the case of

the unstratified discharge. Hittorf shows
that the fall of potential is the same in

the positive part for the same tube what-
ever the current. This means that the



THE TIDAL WAVE AND THE MASCARET. 193

energy dissipated is proportional to the

current, and not to the square of the

current as in a liquid. In the latter form
the proposition had previously been
proved by E. Wiedemann, who has shown
that the total quantity of heat generated
is proportional to the total quantity of

electricity which has passed through the

tube, whether in a few strong sparks or

many weaker ones.

These experiments seem to point to

the fact that once the original velocity of

the particles at the regular pole has been
reduced the velocity becomes independ-
ent of the strength of the current, that is

to say, that in the positive part of the
current greater intensity only means a

greater number of particles taking place

in the discharge.

The paper also contains spectroscopic

evidence as to the state of dissociation in

a vacuum tube, especially in the negative
glow.

The question as to how the electricity

passes from the electrode to the gas is

not discussed, nor is it possible at pres-

ent to decide, should the theory prove
true, whether the polarity of the atoms

in the molecule depends on the way in

which these are combined, or whether
that atom takes positive polarity which
happens to be nearest the negative elec-

trode as the molecule approaches it.

In conclusion some novel influence of

the magnet on the negative glow is de-

scribed, and it is shown that two different

effects have to be clearly distinguished.

The first is an effect of the magnet on
the discharge when that discharge is

established, and has been sufficiently well

investigated. But the second effect de-
pends on the question from what part of

the negative electrode the discharge sets

out. With respect to this question we
meet with many contradictory and inac-

curate statements. If at any place the

magnet tends to throw the glow together

the temperature will be raised, and owing
to this fact the current will be strength-

ened, which again raises the temperature.
It may thus happen that a slight cause
can induce the current to pass almost ex-

clusively from one part of the negative

electrode. For a detailed description the

reader is referred to the paper itself and
the illustrations accompanying it.

THE TIDAL WAVE AND THE "MASCARET"-
OF TIDAL RIVERS.*
By B. SHERMAN GOULD, C. E.

Reviewed, for Van Nostrand's Engineering Magazine.

-IMPROVEMENT

Thebe is perhaps no branch of physical
science more interesting than that which
relates to the observation of the move-
ments of the ocean and the study of the
laws which govern them ; and perhaps
few departments of applied science call

for more genius, or demand higher quali-

fications than sea-coast and river engi-
neering. There is an awful grandeur
belonging to the ocean which rivals

in impressiveness the serene stillness

of the star-lit heavens, while the tri-

umph of man's intellect in mastering,
even if only partially, the laws which
the mighty restless mass of waters obeys,
seems almost more wonderful than

* Etude pratique sur les Manes Muviales, et notammeni
sur le Mascaret. Par M. Conwy. Paris, 1881. Octavo,
pp. 389. Figures in the text and atlas of 10 plates.
Price $5.25.

Vol. XXXI.—No. 3—14

the conquest of the celestial spaces by
astronomy. The quiet void of the heav-

ens and the undeviating march of the

stars, seem to furnish fit elements for the

exercise of an exact science, but how
hopeless, one would think, to search for

fixed laws in that which is itself the type

of instability

!

In the volume before us, Mons. Conioy
has developed an admirable and compre-
hensive treatise upon the principal phe-

nomena of wave-motion. Assigning to

himself in the first instance the task of

studying that curious phase of tidal ac-

tion known as the mascaret, or bore, he
found himself forced to trace back all the

anterior phenomena connected with it,

and has so been led to establish the whole
theory of wave and tidal motion. This
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labor which, in view of the author's main
object was but a means to an end, be-

comes the most valuable feature of the

work to the American engineer, because

none of our rivers, we believe, present the

peculiarity of the mascaret.

Waves may be broadly divided into

two classes, namely, Waves of Transla-

tion, and Waves of Oscillation.

When a boat with bluff bows is forced

along a canal, a certain quantity of water

is heaped up under her fore-foot. Should
the progress of the boat be suddenly

arrested, there would be formed, after a

brief period of tumultuous agitation, a

wave which would detach itself and roll

onward in the direction in which the boat

had previously been moving. This wave
would be a Wave of Translation. Such
waves are formed when a mass of water

is shoved forward horizontally by a suffi-

cient force. They move along bodily,

extending from side to side of the chan-

nel within which they were propagated,

widening when the channel widens, the

onward motion extending also from the

surface to the bottom of the water.

The principal visible characteristic of a

wave of translation is that it stands

wholly in relief above the adjacent sur-

face, like a hill rising from a level plain.

The velocity with which a wave of

translation moves is proportionate to the

depth of water in which it is propagated,

and its height above the surface. It is

represented by the formula

in which g

=

gravity and H and h respect-

ively the depth of water in the channel

and the height of the wave, and U the

current, if any, in the channel, using the

sign + or — according as it runs with

or against the direction of the waves.

This velocity V is that of the undula-
tion of the wave : not that of the forward
horizontal movement of the molecules of

which it is composed. This last velocity,

represented by v is given by the propor-
tion:

v _ h

The wave of translation does not re-

produce itself : each wave requires a dis-

tinct force to generate it. For this reason
French physicists give it the name of

onde Solitaire.

Waves of oscillation are divided into

two classes, ordinary and periodic. Of
the latter the great example is the tidal

wave.

The ordinary wave of oscillation is

generated by any force which produces a

temporary vertical depression or elevation

in the surface of the water. Thus, a
stone thrown into the water produces
weaves of oscillation. They always go in

groups, and their principal visible charac-

teristic is a series of alternate elevations

and depressions above and below the

general surface of the water. The wind,
striking the surface of the water oblique-

ly, produces by the action of its vertical

component, waves of oscillation.

While the action of waves of transla-

tion exercised in the channels of moderate
dimensions such as rivers and canals, in

which their movements have been studied,

extend undiminished from the surface of

the water to the bottom, that of the wave
of oscillation which has been investigated

on. a much vaster scale, extends to only a

comparatively moderate depth, rapidly

decreasing from the surface downward.
This statement must be made, however,

under a certain reserve, and must be
understood to apply, as regards oscilla-

tory waves, to those of which the length
and height are insignificant in comparison
with the depth of water in which they are

generated. When the dimensions of the
waves are great in comparison with the
depth of the water, the agitation which
they occasion is felt to a greater or less

extent through the entire depth.

Periodic waves of oscillation are gener-

ated by a series of periodic actions, each
one producing a wave ; the waves thus
produced following each other in regular

succession.

It is only the periodic wave of which
the movements have been thoroughly in-

vestigated.

In deep water, the velocity with which
a periodic wave of oscillation is propa-

gated is given by the formula

v=/ 92
2 7t

In which <7=gravity, 7T=3.1416, and L=
length of wave.

If the depth of water be less than the

distance below the surface at which the

agitation produced by the wave would be
manifested if the water were deeper, we
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should have, as an approximate formula,

in which H= depth of water.

The above are velocities of propagation,

not of translation. It is generally under-

stood that waves of oscillation have no
regular horizontal progressive motion,

but only an oscillatory movement, as the

name implies.

As has been already stated, the tidal

wave which twice in each lunar day trav-

erses the ocean spaces of the globe, is

the grand representative of the periodic

wave of oscillation.

Although this wave is dne to the influ-

ence of the moon and of the sun, it does
not follow the apparent path of these

bodies, nor yet coincide with the times
of their meridian transits. Thus, the
wave coming from the South of Africa,

after sweeping around the Cape of Good
Hope, rolls to the north towards Europe
and bears down upon France and Eng-
land in a south-easterly direction. Part
passes through the channel from west to

east, and part goes around the North of

Scotland into the North Sea, from north
to south. This portion enters the chan-
nel from the North Sea, going west,
where it meets that portion which, as we
have seen, enters the channel from the
west.

It would seem that the tidal wave owes
its unvarying periodicity to the sun and
moon, but once generated by these bod-
ies it is abandoned, as to its future course,

to purely terrestrial influences, namely the
presence of continents and the greater or
less depth of the sea.

The ocean tidal wave is of relatively

low height, but immense length and ve-

locity. In seas of great depth, say of 2

miles and over, like the Atlantic, it attains

the prodigious length of 5,000 miles.

Owing to its great length, we must con-
clude that it causes motion down to the
very bottom of the seas which it traverses.

Owing to the same fact, we have the
curious anomaly to encounter, that the
wave, in passing over the deepest seas,

falls under the classification of an oscilla-

tory wave propagated in shallow water.
Its velocity is therefore, as before

V=y^H
Direct observation confirms the cor-

rectness of the above formula.

Besides the above velocit}*- ofjpropaga-
tion, there are the ebb and flood currents.

These currents are more perceptible in

proportion as the water becomes shallow-

er.

We may note as one of the remarkable
phenomena of the tides, that the turn of

the tide does not correspond with high
and low water, the ebb commencing be-

fore the water has ceased rising, and vice

versa.

It would be impossible within our lim-

its to even glance at Mons. Cumoy's mas-
terly analysis of the various movements
of the tidal currents and their causes.

Suffice it to say, that he finds them to

conform to the law of least action, in the
exchanges of water necessitated by the
undulations of the wave, and that they
are exclusively undulatory, having no
connection, at least in mid-ocean, with
the slope of the surface of the water.

The formula for the mean velocity of

the flood-tide is given by the proportion

V~H
In which y=mean velocity of tide ; V=
velocity of propagation, h' half of the
total height of wave, and H= depth of

water. By substitution of Y= /yyg H as
already given, we have

'
-v/H

for the mean velocity of the flood current.

This formula has been verified by ob-
servations in the English channel, near
the Pas de Calais.

To calculate the distance traveled by"a
molecule of water on a flood-tide, Mons.
Comoy gives the formula

h
X v Xh'

Y-v H-/i'

in wdrich Z=the distance; u=mean veloc-

ity of flood current; V=velocity of prop-

agation of wave; X—-^ half length of

wave ; A'— half height of wave, and H=
clepth of water. The length of the wave
is given by the formula

L=T
A/^H

in which T= mean half lunar day in sec-

onds=14,400 seconds.

Mons. Comoy gives some very interest-
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ing numerical examples of these formula?,

checked when possible by direct observa-

tion, but our limits bar these out, as well

as much other interesting matter.

Let us pass to the tides which enter

the estuaries of tidal rivers. When the

tidal wave of the ocean passes in front of

the mouth of an estuary, a wave of deri-

vation is detached, which passes up the

river. The duration of the tide in the

river is the same as that of the ocean tide

which caused it, but this is the only point

which the two have in common. The
tidal wave in the river is essentially a

wave of translation, or rather a series of

such waves, for Mons. Comoy says :

—

" When the sea, lifted by its undulatory
movement, begins to exceed in height the

level of low water in the river, the water
projected into the river produces a first

wave which travels up the stream with a

velocity proportional to the low-water

depth. After this first introduction of

the water of the sea, and continually dur-

ing the whole of the flood tide, the sea,

always higher than the water in the river,

projects into it new masses of water
which give rise to new waves of transla-

tion. All of these waves are propagated,

like the first, in virtue of the law of their

regimen, while new waves are constantly

forming at the mouth of the river. At
any given moment, therefore, of the flood

tide, we find between the embouchure
and the first of the flood, a continuous
series of waves of translation occupying
the entire length of the tide, and forming
by their aggregation the forward slope of

the tidal wave of the river, at that mo-
ment."

For the velocity of propagation of the

crest of the tidal wave in the river, we
have

the same as for the ocean wave less TJ, or

the down-stream velocity of the river.

As the depth of water in the river

diminishes, ^/g H diminishes also. When
for any elementary wave it becomes= IT,

that wave ceases to exist.

The distance traveled by a molecule of

the water of the flood-tide is given by the
formula

/=TV-
v

in which £= distance ; T=tiine in seconds

of duration of flood ; V=mean velocity

of propagation of flood-tide during the

time Tj v=mean velocity of flood cur-

rent over the distance I.

Observed velocities show that the ratio

v
== is rarely less than -J-, while in some

rivers of shallow depth it becomes £.

This formula has been verified by ob-
serving the distance to which the salting

of the river water by that of the sea ex-

tends in some of the French rivers.

In the chapters devoted to the mascar-
et, Mons. Comoy goes into great detail

respecting the cause and theory of this

phenomenon. We will not follow him
through this interesting investigation,

further than to state the conditions which
he finds to exist whenever the mascaret
is produced.
The principal condition necessary to

the formation of the mascaret, is as fol-

lows: during any given period of the

flood-tide, a certain quantity of tidal

water enters the embouchure, repre-

sented by Svt, in which t = any given
time, during which the tide at the em-
bouchure rises through the distance C ;

w=mean velocity of flood-tide at the em-
bouchure, during the time t ; S .= mean
cross-section of the embouchure of river

during the time t. This quantity of water
after entering the river occupies a volume
represented by DLA; in which D=inean
distance between the embouchure and
the first of the flood: or the distance

traveled up the river by the tidal wave,

during the time t ; L = mean width of

river over the distance D; A=mean rise

of the tide during the time t, over the

distance D.
These two volumes are necessarily

equal, for they represent the same quan-

tity of water in two different positions,

so we have
S«£=DLA.

If a mascaret is produced, it will always

be found that in the above relation, A>
C. C, it will be observed, forms part of

S.

In other words, it is found, that when
the mascaret is produced, the height to

which the tide rises in the river during

the time t, is greater than that of the rise

of tide at the embouchure, during the

same time. Moreover, it is found, that,

leaving out exceptional cases, the mascar-
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et only exists in rivers of which the shoals

are formed inside of the mouth of the

river.

In regard to the improvement of tidal

rivers, Mons. Comoy confines himself to

the consideration of the effects upon the

regimen of rivers, by deepening their

shallow places, without discussing the

means by which such deepening may be
effected. He makes the very true remark
that the regimen of rivers differs so much
in different cases, that we may say with

justice that there are as many particular

regimens as there are rivers. Some fea-

tures, however, similar rivers possess, in

common, and these are ably studied.

Two very broad classes may be made
of tidal rivers ; those of which the bar is

formed within the mouth, and those of

which the bar is formed outside of the

mouth. (In this latter case only, is the

shallow portion termed bar in English.)

Mons. Comoy states, that in all rivers

where the bar is formed outside, or to

seaward of the embouchure, there is a

marked narrowing of the mouth, the river

being much wider for a certain distance

above, than it is at the mouth, or embou-
chure itself. This narrow part is conse-

quently deep, and the bar is formed {per-

haps not exclusively} by the scourings of

the narrow portion, where the velocity is

great, being deposited outside the mouth.

Tn rivers where the bar is formed inside

the mouth (or where, as we should say,

there is no bar) the embouchure is on the

contrary wider than the rest of the river.

It is in such rivers that the mascaret is

most prone to exhibit itself.

In order to obtain actual data regard-

ing the regimen of tidal rivers, the Ad-
ministration des Ponts et Chaussees, au-

thorized observations to be made for

Mons. Comoy, of several of the most im-

portant tidal rivers of France. These
observations were made simultaneously

during the spring-tide of Sept. 19th, 1876
and the neap-tide of the 26th of the same
month and year. v ' Instantaneous curves

"

were thus obtained of great value, which
are given in the atlas accompanying the
work.

In the foregoing we have done but lit-

tle more than, as it were, rapidly turn
over the leaves of an exceedingly exhaust-
ive and practical treatise upon tides and
tidal rivers. Many valuable chapters
have been passed over without notice,

and over none have we dwelt long.

Enough however, it is hoped, has been
said to give some slight idea of the char-

acter and scope of the volume, and to

commend it to the careful study of those
scientists and engineers who are inter-

ested in the subjects upon which it

treats.

TELPHERAGE.*
From "Iron."

The following short summary of the
problem of the transmission of power by
means of electricity may interest those
who have not studied the subject. There
are three steps in this transmission—1st,

we convert mechanical power into elec-

tricity by means of a dynamo ; in doing
so we incur a loss of from 10 to 20 per
cent. ; 2d, this electricitj7

, in flowing along
a conductor, generates heat, representing
a further loss, analogous to that resulting

from friction in mechanical gearing. This
loss, depending on the distance of trans-

mission, the size of the conductor, and
the electromotive force employed, is eas-

* Abstract of Prof. Fleeming Jenkin's paper before
the Society of Arts.

ily computed. 3d, we re-convert the elec-

tricity into mechanical power by means of

an inverted dynamo, which we term an
electric motor. With motors in which large

weights of iron and copper are employed,
the loss in re-conversion need not exceed
20 per cent., but with light motors,

weighing from 70 lb. to 100 lb., per
horse-power, such as we must employ in

the locomotives, I could not undertake
with certainty at this moment to effect

the reconvers ;on without a waste of one-

half. The effect of all these sources of

loss is, that at the stationary engine I

must exert about 3 horse-power for every

single horse-power which is employed
usefully on the line. I look forward con-
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fidently to the time when 2 horse power
at the engine will be sufficient to give 1

horse power to the motor. To put these

conclusions in a more scientific form, I

may assume the efficiency of my dynamo
as 80 per cent., that of my small motor
as 50 per cent.* The waste by heat ex-

pressed as horse-power is equal to —

-

where C is the current in amperes, and B.

the resistance in ohms. The horse-power

represented by the current is equal to

—-r where E is the electromotive force
746
in volts, and C the current in amperes.

It follows from the last expression that I

may increase the horse-power in three

ways, by increasing either E or C, or

both. If I increase E, leaving C the

same, I do not increase the loss during
transmission along the line, no matter
what horse-power the given line may
transmit. A practical limit is set to the

application of this law by the difficulty

met with in dealing with electromotive

forces above 2,000 volts. Marcel Deprez,
taking advantage of this law—first

pointed out by Sir William Thomson

—

has transmitted seven or eight horse-

power over seven or eight miles, through
an ordinary telegraph wire, and he ob-

tained a useful duty of 63 per cent., tak-

ing into account all the three sources of

loss which I have enumerated. With
small motors I cannot yet promise a re-

sult so good as this, and I merely men-
tion it to let you understand that, in

speaking of 3 horse-power for one at the
locomotive, I am leaving a very ample
margin. Quitting generalities, I will

give some details as to the electrical and
other conditions necessary, in two ex-

amples, for what may be considered as

typical telpher lines.

Firstline.—Length, five miles. Length
of circuit, out and in, ten miles. Twenty-
five trains running at once, spaced one-
fifth of a mile apart ; speed, four miles
per hour. Let each require 1 horsepower
on the average ; let the motor take on
the average two amperes of electric

current ; let the electromotive force near
the stationary engine be 840 volts ; the
electromotive force at the end of five

* The last motor tested, weighing: 117 lb., made by
Mr. Eeckenzaun, gave 1.72 horse-power with 54 per
cent, efficiency.

miles will be about 746 volts.* The
total current entering the line will be
fifty amperes at the near end of the line.

Fifty amperes and 840 volts represent

56.5 horse-power ; of this, 6.5 horse-

power will be wasted in heating the line ;

the remaining fifty horse-power will do
work in the motors equivalent to 25
horse-power. In order to give this cur-

rent of fifty amperes with 840 volts the

stationary engine will require to exert

V" X 56.6 horse-power, or roughly, 70

indicated horse-power, or somewhat less

than three times the useful horse-power.

Let us now examine the economical re-

sults to be obtained from such a line as

this. Mr. Dowson, in an interesting

comparison between the cost of horse-

power obtained from coal and gas, reck-

oned the cost per horse-power for a 100
horse-power engine, at the rate of £3 6s.

9d. per annum, to include wages, coal,

oil, and depreciation. Mr. Dowson would
naturally be led to put the cost of steam
power obtained from coal rather high
than low. I will, however, adopt a very

much higher figure, and assume that the

power may cost as much as £6 10s. per

horse-power per annum ; this gives £455
as the cost of the 70 horse-power required

for my telpher line. Let the twenty-five

trains each convey a useful load of 15 cwt.

In a day of eight hours the line will have
conveyed a traffic which we may express

as 600 ton-miles, i. e., it will be equiva-

lent to 600 tons conveyed one mile, or 60
tons on each line conveyed from end to

end daily. If we count 300 working
days in the year, the sum of £455 gives

£1 10s. 4d. per diem, and the 600th part

of this is about 0.604 of a penny, as the

cost of the power required to carry a ton

one mile. In Great Britain we ought
easily to be able to reduce this below a

half-penny per ton per mile, which proves

that the apparent great waste, even of

two-thirds of the power in transmission,

does not involve prohibitory expense. In
calculating the whole cost of transport,

we must further take into consideration

the cost of the installation. Taking the

spans at 70 feet, I estimate this cost as

follows :

* It has been suggested that this fall of potential
would be inconvenient for electric lighting, it would
be too great ; but in Telpherage it would simply
cause a small decrease in the speed of the train at
the far end, and as all trains would be equally af-

fected, none would overtake the other, and no incon-
venience whatever would arise.
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Line £500 per mile £2,500
Engine, boiler, and shed, at £20 per in-

dicated horse-power 1,400

Dynamo and fittings 1,000
Twenty-five trains 2,500
Contingencies 600

Total cost £8,000

Allowing 12£ per cent, for interest and
-depreciation, this represents an annual
cost of £1,000. Allowing £100 as the

salary of an electrician or young engineer,

and adding £455, the cost of the power,
this gives a total annual expenditure of

£1,555 for a daily duty of 600 ton-miles.

If we continue to assume the year as

containing 300 working days, the total

cost of conveying one ton one mile will

be found equal to 2.07d. If goods are

to be transmitted for long distances, the
same calculation applies. We should
simply have stations ten miles apart,

working lines five miles long on each side

of them. This, then, is the practical out-

come of the general principles stated at

the beginning of this paper. We may
expect with great confidence that it will

pay investors to convey goods for any
distance at the rate of 2d. per ton per
mile, by the agency of the suspended tel-

pher line.

Second Line.—Matters are somewhat
modified when the traffic is smaller.

Making similar calculations for aline one
mile long instead of five, with only four
trains running at once, we might employ
an electromotive force as low as 100 volts

;

the loss by heating would be insignificant;

we should require about 12 horse-power
;

the work done in eight hours would be
96 ton-miles. I estimate the cost of in-

stallation at £1,600, and the annual cost

of working £344, without the annual
salary of an electrician. This corre-

sponds to 2.875d., or less than 3d. per
ton per mile. One very important feature
in respect to the cost of telpher lines is

the fact that the larger part of that cost
is due to plant, such as locomotives,
trains and dynamos. This plant can be
increased in proportion to the work re-

quired ; thus there is a very moderate
increase of cost in the rate per ton per
mile for a small traffic as compared with
a large one, and, on the other hand, a
line laid down for a small traffic will ac-

commodate a much larger traffic with no
fresh outlay on the line itself.

There are numerous minor electrical

problems involved, but time does not
permit me to enter into the consideration

of these to-night. It will be sufficient

for electricians when I say that I se mey
way to governing, blocking and breaking
the trains, without ever interrupting the

current used to work the motor, except
between the line and rolling wheels. We
already know that the interruption at this

point, although accompanied by a spark,

does no injury whatever. I have often

been asked whether the frequent re-

versals involved in the cross-over system
do not tend either to injure the dynamo
or the motor. I made special experi-

ments on this very point lately with a

compound wound Crompton dynamo and
Mr. Reckenzaun's motor with thirty-six

coils. I was unable at the commutator
of the motor to detect the smallest

change in the motion due to the most
rapid reversal. At the dynamo commu-
tator I could just see when the reversal

occurred, but there was no change of a

character to cause the smallest alarm. At
the same time I may state that, when
from any cause reversals may be thought
undesirable, we are in possession of ap-

paratus which we call " step overs," which,

without diminishing the simplicity of the

permanent way, enable us to send 'a con-

tinuous and unreversed current. These
and similar electrical questions, such as

the performance of Messrs. Ayrton &
Perry's excellent motors, might possibly

have had greater interest for electricians

than some of the mechanical details dis-

cussed to-night ; but I have felt that the

main point to establish, in bringing this

invention before the public, is that we
have in telpher lines a means of convey-

ing goods in an economical manner, by
lines, locomotives, trucks, dynamos and
motors, which have undergone then pre-

liminary trials with success, and can be
at once applied to the more searching

test of performing work for the public.

If I have established this fact, I think

you will have no difficulty in believing

that the subsidiary electrical problems
have been, or will be, readily solved. I

hope that at a future period these will be
brought before you in detail on many oc-

casions by many men. In conclusion. I

will enumerate some of the uses to which
telpher lines may be put. They will

convey goods, such as grain, coals and all

kinds of minerals, gravel, sand, meat. fish.
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salt, manure, fruit, vegetables ; in fact,

all goods which can be divided con-

veniently into parcels of two or three

hundredweight. If it were necessary, I

should feel no hesitation in designing

lines to carry weights of 5 or 6 cwt. in

each truck. The lines will carry even

larger weights, when these, like planks

or poles, can be carried by suspension

from several coupled trucks. The lines

admit of steep inclines ; they also admit
of very sharp curves. Mere way leaves

are required for their establishment,

since they do not interfere with the

agricultural use of the ground. They
could be established instead of piers,

leading out to sea, where they would load

and unload ships. "With special designs,

they could even take goods from the hold

of a ship and deliver them into any floor

of a warehouse miles away. When es-

tablished in countries where no road
exists, the line could bring up its own
materials, as a railway does. Moreover,
wherever these lines are established, they

will be so many sources of power, which
can be tapped at any point, for the execu-

tion of work by the wayside. Circular

saws, or agricultural implements, could
be driven by wires connected with the

line, and this without stopping the traffic

on the line itself. In fine, while I do
not believe that the suspended telpher

lines will ever compete successfully with
railways, where the traffic is sufficient to

pay a dividend on a large capital, I 'do

believe that telpher lines will find a
very extended use as feeders to railways

in old countries, and as the cheapest
mode of transport in new countries. In
presenting this view to you, I rest my
argument mainly on the cost of different

modes of transport, which may, I believe,

be stated approximately as follows : Rail-

way, Id. per ton per mile ; cartage, Is.

per ton per mile ; telpher lines 2d. per
ton per mile ; and let it be remembered
that, in taking the cost of cartage at Is.

per mile, the first cost and maintenance
of the road is left wholly out of account \

whereas in my calculations for the telpher

line allowance has been made both for

establishment and maintenance.

THE NILE DELTA.
NOTES OF A JOURNEY THROUGH THE'N.E. PORTION OF THE DELTA OF THE NILE IN APRIL, '6

By WILLIAM ANDERSON, M. Inst. C. E.

From Papers of the Institution of Civil Engineers.

Having been commissioned to ascer-

tain why extensive estates belonging to

an English Company were wholly unpro-

ductive, and indeed incapable of earning

the Government land-tax, it is thought
that the observations then made may be
useful to all interested in the true wel-

fare of Egypt. The district visited was
that portion of the Delta lying between
Mansoura, a large town on the Damietta
Nile, and Lake Burlos, a lagoon con-

nected with the Mediterranean, and thus
quite outside the usual track of visitors.

The inquiries and investigations were of

a definite and practical character, and
have produced a profound impression as

to the state of the administration, and as

to the manner in which the resources of

the country are destroyed at their very

origin.

The welfare of the agricultural indus-
try, the only source of wealth in Egypt,
depends mainly on the efficiency of the
irrigation, the drainage, and the means
of communication. It soon became ap-
parent, that the estates visited, and many
thousands of acres of land around them,
were suffering from startling defects in

all the three conditions on which pros-

perity depends.
First, as regards Irrigation. The por-

tion of the Delta inspected, and, indeed,

the whole Delta, is intersected by innu-
merable canals, some used for drainage
and some for irrigation. These have
been dug at various times, for the most
part without reference to any general
plan. They are practically devoid of

proper locks or sluices for regulating the
flow of the water, the method adopted
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being to throw banks of earth across the

canals, leaving gaps of sufficient width
to control the water, these gaps being
regulated by stakes, planks, or lumps of

mud wrapped in rice straw. Owing to

the caprice, corruption or laziness of the

officials, the water in the irrigation

canals is often too low to command the

land, even when the Nile is high enough
for the purpose, and at other times the

water is allowed to pass so freely as to

overflow the banks and submerge large

tracts of country. In summer time, be-

tween the months of May and of August,
during low Nile, many of the canals, for

want of proper cleaning and maintaining
at the required depth, become quite dry,

and thousands of acres of summer crops,

such as cotton and rice, perish for want
of water. In the district visited, two-
thirds of the crop was, last summer, com-
pletely lost from this cause. But even
when the canals are properly cleaned out,

the water is still below the land-level,

and every drop required for irrigation

has to be raised by imperfect sakiehs, and
small steam-pumps. These may be seen
dotting the landscape in all directions,

and represent an incredible amount of

human and animal labor diverted from
the more legitimate work of tilling the
soil. The cost of this wasteful mode of

raising water is at least ten times greater
than that for which the same work could
be done by large Government pumping
stations, or by a better management of

arterial canals. This state of things is

jjeculiarly distressing just at this time,

when the number of bullocks has been
greatly reduced by a formidable epidemic,
so much so, that it will be impossible,

this season, to cultivate even so much of

the land as is capable of being worked.
In the next place, the drainage-canals

have been much neglected, especially at

their lower ends or outfalls. They all

require widening and deepening, so as to

carry the drainage waters into the sandy
wastes skirting the Mediterranean. The
fall of the country is rapid, so that there
is no difficulty in securing very efficient

drainage. The neglect of the Works
Department to attend to this important
part of its duties, injures not only the
lands depending upon the public canals,

but also estates such as the ones visited,

which, lying on the edges of the waste,
had their own private drainage-canals

;

for it is in vain that these are kept in

proper order, when the water standing

on the adjoining lands percolates through
the soil, and rises in the better drained
portions, bringing up with it the delete-

rious salts with which the whole subsoil

of the Delta is more or less impregnated,

so much so, that this salt may be seen

lying like snow over vast areas of land.

It is absolutely essential to the fertility

of the land that the drainage-canals

should be constantly kept clear, and that

there should be an unfailing supply of

irrigation-water all the year round, be-

cause it is only by keeping a regular

wash of water from the surface down-
wards that the deleterious salts can be
prevented from rising ; but when this is

done, the fertility of the soil is marvel-

ous, and the richness of the crops is,

for the most part, assured. Adjoining
one of the estates was a property of

1,400 acres which had been abandoned
by its owner for no other reason than
that the Government drainage- canal was
choked with mud and aquatic plants. The
Government had seized the land for

taxes ; it had twice put up the property
for sale without finding a purchaser, and,

of course, had lost the revenue from the
lands. A single year's taxes would have
sufficed to clean out the canal. This is a
particular case, respecting which definite

information was obtained, but many
thousands of acres of other lands were
in a similar predicament, as, for example,

of the 100,000 acres belonging to the

village of Massara, only 12,000 acres are

capable of cultivation, on account of the

neglect of the drainage and want of ir-

rigation-water.

Lastly, mismanagement has practically

destroyed the means of communication.
The canals, if properly maintained, would
be wide and deep enough to carry

cargo-boats as large as those in use in

England. These arteries of communica-
tion intersect the country in all direc-

tions, and yet it costs 26s. a ton to bring
the produce from the estates visited, a

distance of only 33 miles, to the Damietta
Nile, and even that can only be achieved

during the dry season, because rain

makes the towing and bridle-paths im-

practicable. This state of things could

be remedied at a most insignificant cost.

The impediments to cheap communica-
tion in a country so highly favored with
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what may be termed natural roads are

the following

:

When the canals are cleaned, the mud
is thrown up on to the towing-path, and al-

lowed to harden in the sun,without the least

attempt to level it or remove it altogether

from the path. The consequence is, that

the animals using the bank of the canal

tread a bridle-path on a slope. This at

all times is difficult foothold, and in wet
weather, when the mud gets slippery, be-

comes dangerous, and even impracticable.

Trees are allowed to grow between the

towing-paths and the canals, so that in

many places towing is impossible, and
from the opposite bank trees overhang,
so that the towing masts cannot pass.

Naturally all these obstructions should
be removed. The banks thrown across

the canals for the purpose of regulating

the flow of water render trans-shipment
necessary, and in this way, in the 33
miles of canal specially visited, there

were no less than four dams of weirs,

necessitating four trans-shipments. The
difference of level between the two sides

of the dams is never more than a few
inches. It would be very easy and inex-

pensive, in the tenacious soil of the
Delta, to construct wooden dams, with
lock gates and sluices, which would allow
of the barges being locked through, and
dues, which would amply cover all ex-

penses, would be cheerfully paid, as they
are in other countries. Again, no con-

trol is exercised over the cutting of the

canal-banks for irrigation or drainage-

branches. The people cut through the
banks, and neglect to make them good
again, thus intersecting the roads with
innumerable pitfalls, which render travel-

ling in the daytime fatiguing, and at

night impossible. Surely a very moder-
ate amount of supervision would put an
end to this nuisance.

Egypt depends for its prosperity on
its agricultural produce ; but the com-
petition of the whole world, the im-
mensely improved ways of communica-
tion in America, in India, in Russia, have
had the effect of reducing the price of

all the products which Egypt can send
into the market, more especially that of

cereals, and the price is never likely to

rise permanently again. How is it pos-

sible that those portions of Egypt which
lie at a distance from Alexandria can
hope to export their produce when the

means of communication are so defect-

ive? The inevitable result will be that

the country must relapse into a state

where just enough is raised to feed a

miserable population, and no taxes will

be paid, because, there being no sale of

produce, there can be no money.
Whatever neglect there may be in the

maintenance of the canal-system, there

is no slackness in collecting the land-

tax, and defalcation is quickly followed
by seizure and forced sales, entailing

ruin, misery and discontent among the

agricultural population.

The conduct of the Administration is

inexplicable, because it would entail very
little more than the present expenditure
to keep the canals in proper order, while
it would improve the revenue by making
a greater breadth of land cultivatable, and
would restore to the land the human and
animal labor now lost in raising water in

a wasteful manner, and in overcoming
the difficulties of transport.

The people do not object to forced

labor on their own canals. They have
sense enough to know that by no other

means can the life-giving streams be
maintained, and it is possible so to dis-

tribute the work, and so to select the

season for doing it, that the task would
not press seriously on the people. At any
rate, it would be an infinitely smaller- in-

fliction than that which now exists as the

consequence of neglect and mismanage-
ment, by which the poor struggling peas-

ants see the fruits of their labor disappear

year by year, for want of irrigation and
of drainage, or, if the harvest be haply
secured, rendered valueless by the cost of

carriage.

Many distinguished men have, from
time to time, been sent to Egypt to set

right its finances. Many ingenious

schemes have been proposed, but it is

doubtful if an v who have attempted the

regeneration of the finances of the

country have turned their attention to

the root of the matter. Measures should

be adopted to place the cultivatable por-

tion of Egypt in a condition to produce
the wealth latent in its lands, in its river,

and in its laborious peasantry, and fur-

ther to provide cheap and expeditious

ways of communications, which can

alone enable the produce of the lands to

be converted into the gold which the

financiers thirst for. It would be a
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worthy task for England to step in and
remove the terrible drawbacks under
which the fellaheen suffer. In her Indian
engineers and their subordinates she has
an admirable and experienced staff of

administrators. The same men, the same

prise, and the poor farming population,

that is to say, the bulk of the people of

Egypt, is sinking deeper and deeper into
a hopeless condition of poverty and debt.

This is not a mere statement of opinion
;

on the contrary, the existing j^olitical

system, and the same honesty of purpose !
situation had to be taken into considera-

introduced into Egypt would make a
garden of a country which is now almost
a wilderness.

A step in the right direction has already
been made in the appointment of Colonel
Scott Moncrieff, R E , to the post of

Under Secretary of State for Public

tion. The canals and drains on the
estates visited had long been neglected.

An expenditure of £1,500 in cleaning out
was absolutely necessary, if advantage
was to be derived from the expected im-
proved irrigation and drainage service

;

and could the company have felt sure of

Works. He has earned a high reputa-
j

the intentions of the British Government
tion in India, and will assuredly, if prop-
erly supported, do much towards the
regeneration of the country entrusted to
his care.

Unfortunately, long neglect and mis-
management have rendered large expend-
iture necessary, while that very neglect
and mismanagement have crippled the
revenue.

Colonel Moncrieff, has already been

to continue steadily in the course they
have entered upon, the work would have
been commenced at once. The prob-
abilities are, indeed, in favor of a pro-
longed occupation, because a great num-
ber of British officials have entered the
Public Works Department, replacing
some able and experienced men, such as

Rousseau Pacha and his chief engineer,

and it is hardly credible that the British

ordered to retrench in everv possible Government would make such appoint-
way, even when it is certain that expendi- ments if their sway was to be only of a

ture such as he contemplates will yield temporary nature. But still the Govern-
enormous return. He is perfectly alive men t assurance is wanting, and it is im-
to the importance of the reforms alluded ' possible to advise expenditure of capital

to. In two "Notes "addressed to the which would be fruitless in the event of

Financial Advisers of the Government,
one dated February 13th, 1884, on the
communications throughout Egypt, and
the other, dated March 4th, on the
Public Works which he deems essential
to the good administration of the country,
he points out in terse and vigorous lan-
guage the real barriers interposed to
prosperity, in the absurd and oppressive
taxes on navigation, the impediments of-

fered to it by bridges over the main
channels, the defects of drainage and ir-

rigation, and the total absence of roads.
It is satisfactory to be able to state

that recently in Egypt one great conces-
sion was announced, namely, the river
and canals were set free for steam-naviga-
tion, a privilege till then reserved to the
Government. It cannot be doubted but
that this has been one of the results of
the improved administration of the Public
Works Department, and it is to be hoped
that many other reforms will soon fol-

low.

The uncertainty which surrounds the
intentions of the British Government is

stopping all public and private enter-

the withdrawal of the British, for in that
case the Government of Egypt would re-

lapse into its original state of ineffi-

ciency.

In 1883 the Ministry of Public Works
in Shereef Pacha's Government published
a most able paper entitled " Expose du
Ministere des Travaux Publics sur les

Irrigations d'Egypte, et examen d'une
proposition y relative."* It is signed by
Ali Pacha Moubarick, then Minister of

Public Works, and by Rousseau Pacha,
their Director-General. These gentle-

men are both men of long experience in
the department over which they pre-
sided, and Rousseau Pacha, especially, is

an engineer of great and varied informa-
tion. The " Expose " treats first of the
general systems of irrigation and drainage
in vogue in Upper and Lower Egypt, dis-

cusses the capacity of the Nile at low
water, and demonstrates that its volume
is barely sufficient for the wants of the
existing summer cultivation, and those of

navigation. The long-standing question

* An abstract of this will appear in the Minutes t»f

Proceedings, vol. lxxvii.
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of the Barrage is carefully considered,

and the conclusion is reached, that even

supposing by an expenditure of very large

sums of money the Barrage could be re-

paired, or. as they point out, more prop-

erly rebuilt, and the banks of the arterial

canals raised to a proper height, to con-

vey the waters pent up behind it, Gov-
ernment might well recoil before the

enormous risk of so powerfully altering

the regimen of a river such as the Nile,

and incurring the consequences of injury

to a wide extent of productive land

brought on by the infiltrations which
would be sure to supervene. In addition,

they draw attention to the enormous cost

of keeping the arterial canals clear, and
the absolute necessity of employing for

that purpose forced labor in its most
odious form, that is, at a distance from
the homes of the laborers, and employed
on works in which they have no direct

interest. The height to which the banks
of the arterial canals have lisen from
centuries of cleaning, renders the labor

more and more severe each successive

year, and more and more land is being
covered by the mud excavated, and by
that means rendered valueless. The
Kayah of Khatatbeh, in the western mar-
gin of the delta, for example, which used
to bring the waters of the main Nile

from above the Barrage to the Khatatbeh
canal, which irrigates the Province of

Behera, though only 26 miles long, re-

quired annually the labor of 20,000 men
for fifty days to clean it. The bare cost

of feeding this army used to amount to

£12,000, and if to this the labor lost to

the farms and valued at only 6d. per head
per day be added, there was a fur-

ther loss to the country of £25,000, mak-
ing £37,000 per annum for 26 miles of

one canal

!

In addition, the mud deposited in the

arterial canals is the fertilizing essence of

the Nile water, and should be deposited
on the lands irrigated, and not in the
canals. Too much importance cannot be
attached to this point. The canals should
be as short as possible, and then their

currents can be so regulated that the
least possible deposit shall take place.

On all these grounds the Expose
strongly advocates the use of powerful
steam-pumps, under Government con-
trol, in preference to attempting to patch
up the Barrage, or make use of long

arterial canals. The system would abol-

ish the most oppressive kind of forced

labor, would avoid all risk of infiltration,

would assure abundant water at all

times at a height to command the land

irrespective of the level of the Nile, and
last, but not least, would save the Gov-
ernment for some years to come, in a

great measure, from the very heavy an-

nual outlay in cleaning canals used for

the summer water, which now have to

be maintained at a great depth, but
which, if pumping be resorted to, may
be allowed to silt up permanently to a

very considerable extent. The Govern-
ment of Egypt, before the rebellion, had
already acted on the principles laid down
in the Expose, and had established a
powerful pumping- station at Khatatbeh.
and increased the existing one at Atfeh,

so as to save the expense and oppression

involved in cleaning the Rayah of Khat-
atbeh. The Government of Shereef

Pacha took up the good work, and all

but made a contract with an English

company to utilize its powerful pumps
at Cherbine, which would have supplied

the district visited, and invited tenders

for the erection and working of another

similar station for the Mansourah district.

Unfortunately the troubles in the Soudan
broke out, Nubar Pacha replaced Shereef,

and the arrangements made by the Gov-
ernment of the latter were in a great

measure set aside. Colonel Scott Mon-
crieff (who was appointed about this

time) was forced to reduce his budget at

the expense of many salutary reforms,

and unfortunately with respect to the

water supply of the district, which forms

the subject of these remarks. At first

Colonel Scott Moncrieff seemed favorable

to the views advocated in the "Expose" of

the late ministry ; but after the Soud an
troubles, driven, perhaps, by pecuniary

necessity, he unfortunately determined to

make an attempt to raise the waters of

the Nile by means of the Barrage, and
that work is now being strengthened in a

manner which he expects will enable it to

perform the office for which it was de-

signed. Most experienced engineers,

native and foreign, believe that the at-

tempt will end in failure. Mr. B. Baker's

graphic description of the work* is of a

very discouraging kind, especially as it

* Minutes of Proceedings Inst. C. E., 1879-80,

part ii.
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is known that when the Barrage was be-

ing examined with the view to converting
it into a railway bridge, a diver was actu-

ally able to make his way right under
and across a portion of it! Colonel

Moncrieff is very frank about his attempt,

and is quite prepared for a failure ; but a

failure may prove very disastrous indeed,

because, as Rosseau Pacha points out in

the Expose, the Barrage now serves an
invaluable purpose in regulating the

amount of water passing down the Dain-
ietta Nile. Mr. Baker mentions the

tendency of the river to follow the

shorter, or Rosetta branch, hence, if any
serious failure of the Barrage were to oc-

cur, the lands depending on the Damietta
Nile would suffer severely. Colonel Scott

Moncrieffand his assistant have been but
a short time in the country ; they have
not yet seen the Nile through all its

phases. It would surely have been more
prudent to postpone the dangerous ex-

periment of dealing with the Barrage to

a future time.

Although on the present occasion but
a small portion of the country was

visited, yet at other times the author has
traversed many miles of the canal-system
both in Upper and Lower Egypt, and
everywhere the same neglect of the vital

interests of agriculture exist. Nothing
but a strong Government, served by cap-
able and honest officers, will be able to

achieve the reforms which will place the
irrigation, drainage and communications
of Egypt on a par with those of the other
civilized countries with which it has to

compete. The grand schemes which
have from time to time been broached
for the construction of regulating reser-

voirs on the Upper Nile are, as Rousseau
Pacha points out, works requiring long
years and large sums of money. But
the immediate necessities of the cultivat-

able lands can be satisfied with but mod-
erate outlay, and the returns will be
immediate and abundant if the expendi-
ture is controlled by capable and honest
administrators ; but the work must be
done at once if the revenues of Egypt
are to be maintained. The Ministry of

Public Works has declared emphatically
that "the country cannot wait."

TEMPERATURE OF THE SUjSt .

By F. GILMAN,

Written for Van Nostkand's Engineering Magazine.

In the last July number of this Maga-
zine there appeared an article written by
Prof. DeVolson Wood, in which he criti-

cised Capt. J. Ericsson's method of de-

termining the sun's temperature ; and
made many statements which are un-
doubtedly erroneous, as we will proceed
to show.
He says: "The law that the intensity

of heat diminishes as the square of the

distance from the radiant increases, is ap-

plicable only to the case where the radi-

ant body is considered as a mere point,

and even in those cases the law does not
give the temperature of the incandescent
body. It is evident that Prof. Wood re-

fers to a mathematical point, which has
position but not magnitude, and assumes
that a material body can occupy such a

point, and, to cap the climax, tells us that

the temperature of this point, or body,
must be infinite ! As well might he say

that the law that the intensity of gravita-

tion diminishes inversely as the square of

the distance is applicable only to a point,

or (to speak more rationally) to a material

point, or particle of a body. But it has

been proved that the same law of gravi-

tation prevails in a spherical homogene-
ous mass of any dimensions, when the

distance is measured from the center;

and it is also applicable in the case of

heat radiating from a spherical body, such
as the sun; for gravitation, light, and
radiant heat, conform to the same law.

Prof. Tait, in his Treatise on Heat, de-

clares that this law is necessarily true of

any form of energy which spreads recti-

linearly in all directions.

Prof. Wood says that the law does not
give the temperature of the incandescent

body. No, to be sure it does not ; but it

gives the temperature of the medium in

the vicinity of the body, and the temper-
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ature of the body cannot be lower than

this, but must be higher, unless the emis-

sive power is equal to unity.

Capt. Ericsson has proved that the tem-

perature of the medium in the vicinity of

the sun is at least 1303640° Fahr. The
temperature of the sun itself must then

be fully equal to this, and is probably
much higher. Prof. Wood says :

" Ex-
periment shows that the quantity of heat

emanated from an incandescent body in-

creases more rapidly than the temper-
ature.

1

" This statement is incorrect. The
quantity of heat lost by an incandescent

body, in a given time, does not depend
simply on its temperature, but rather on
the difference between its temperature
and that of the surrounding medium.

Prof. Wood gives the law deduced by
Petit and Dulong in the following equa-
tion: 2=l.U6fat-

We suppose there were some typo-
graphical errors in the explanation of

symbols that follows, and therefore we
will give what appears to have been the
writer's meaning, in order, if possible, to

get a little sense out of the formula. 2 is

the quantity of heat per square centimeter
emitted per minute, /the emissive power
of the surface, its superior limit being
unity; a= 1.0077 while t is the temper-
ature in degrees Centigrade of the hot
body. It will be noticed that nothing is

said about the temperature of the medium
in which the body is placed, but let us
suppose that it is constantly kept at o° C,
as this supposition is the best that can be
made consistent with the formula. Even
in this case, however, it is seen to be in-

correct; for making t—owe have

2= 1.146/.

That is, according this formula, when the

body has cooled down to the temperature
of the medium it is still losing heat, which
is impossible ; therefore the formula is

false, or at least incomplete. The follow-

ing formula given by Piclet in his Traite

de la Chaleur, p. 373, vol. I., contains the
proper expression of Dulong and Petit's

law

:

B=(124.72)Ka (a -I)

R represents the quantity of heat emitted
by radiation per square meter per hour,

K a number which depends on the nature
of the surface, a the constant 1.0077, 6
the temperature of the medium, t the ex-

cess of the temperature of the hot body
above that of the medium.

Prof. Wood, who expects such great
things from this law of Dulong (which
he has incorrectly given), seems to think
that it holds true for any excess of tem-
perature, however great ; and would even,"

with Pouillet, apply it to determine the
sun's temperature. In reply to this we
quote from two authorities to show that

Dulong' s formula is only empirical, and
that it ceases to be true when the excess

of temperature is over 200° C.

" On voit done dlabord que laformule
de Dulong est empirique, puisqiCelle en-

globe dans une expression commune des
elements qui sont differents, et ensuite,

qiCelle 'doit cesser d'etre exacte a des tem-
peratures elevees."

Jamin's Physique, Vol. ii p. 314.

De la Provostaye and Desains have
verified the consequences of this formula
from o° C, to 200° G, but they state that

above the latter temperature it is no
longer applicable.

Taifs Heat, p 279.

Hence appears the absurdity of apply-

ing such a formula as this to determine
the amount of heat radiated (or converse-

ly when the amount radiated is known to

find the temperature) from a body like

the sun, in which the excess of tempera-

ture is so enormous.
The principle which Capt. Ericsson

applies, however, to determine the sun's

temperature is perfectly general, and
holds for any excess of temperature. It

is susceptible of mathematical demonstra-
tion ; and Capt. Ericsson has given in his

sun motor an experimental demonstration
of it, which is unanswerable.

It seems as if some idea might be ob-

tained in regard to the sun's temperature,

by calculating what the temperatures at

the earth would be, supposing it to ad-

vance by successive stages toward the

sun. In order to know how much heat

is communicated at present, we must
conceive what would be the result if the

sun were removed from the universe ; or

if its heat were entirely extinguished. In

that case it is probable that the tempera-

ture here would not be far from that of the

absolute zero, 460° below zero, Fahr.; and
therefore the earth must at present re-

ceive from the sun an increment of nearly

400° Fahr. But we will take a much
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smaller estimate, and suppose that it is

only 100°, and then proceed to calculate

what would be the temperature at the

earth's surface, were it advanced half-way

to the sun's center, or at a distance of

46,000,000 miles. According to the prin-

ciple above stated, the earth would then
receive four times the quantity of heat

that it does at present ; and assuming
(which we may safely do in a question of

this kind) that equal increments of heat
correspond to equal increments of tem-
perature, the temperature at the earth

would be 4xl00°=400° reckoned from

the absolute zero, or 60° below zero, Fahr.,

I have assumed an initial temperature far

below that known to exist, in order to

show to what a high temperature even
that hypothesis will lead us, when we
reach the sun.

Next, let the earth advance until it is

23,000,000 miles from the sun's center.

The temperature will be 4x400°= 1,600°.

Continuing this process we shall find that

when the earth is 718,750 miles from the

sun's center, or 275,750 miles from its

surface, the temperature will be 1,798,-

400° Fahr.

THE STUDY OF IRON AND STEEL.
By J. C. BAYLES, New York City.

Transactions of the American Institute of Mining Engineers.

Gentlemen of the American Institute
or Mining Engineers ; Ladies and Gen-
tlemen : The propriety of imitating in

everything, so far as I am able, the worthy
example of the distinguished gentlemen
who have dignified the honorable office of

President of the American Institute of

Mining Engineers, imposes upon me the

agreeable duty of delivering an address
from the chair. The prominence which
has been accorded in the programme of

this meeting to the discussion of subjects

connected with the study of metals, es-

pecially iron and steel, has naturally given
direction to my thought.

It seems to be characteristic of inven-

tion and investigation that they conform
to no law of regular and uniform develop-

ment. From the measurably firm ground
of accepted truth and verified experience,

the work of original investigators is pro-

jected into the void of the unknown ; and
so rapid and important are the accretions

of fact around such slender spars of well-

directed speculation, that it seems for a

time as if we might go on extending and
building them up until the void was fully

and safely bridged. But such a line of in-

vestigation is like a cantilever with a pier

at one end and nothing at the other. The
limitations, not only of knowledge but of

speculation, become evident as we load
hypotheses upon the unsupported end of

our structure ; and to make our work of

value, we must find a solid basis some-

where else, build thereon a pier, and pro-

ject therefrom a second cantilever. When
these meet and are securely united, we
have spanned one of the spaces between
facts learned by observation and experi-

ence, and can safely pass over to a point
from which new speculations and verifi-

cations may serve as a basis for further

progress.

We are impressed with the aj^propriate-

ness of this figure when we examine the

steps by which we have gained what little

knowledge we already possess of the com-
position and properties of iron and steel.

That we know as much as we do concern-
ing them is surprising, when we reflect

that among our membership are many
whose lives almost include the period in

which these materials have been intel-

ligently and systematically studied.

The progress of chemical science ap-

plicable to iron and steel analysis, natur-

ally invites attention first. Before quan-
titative analysis was attempted, certain

of the crude reactions of qualitative an-
alysis were recognized. Paracelsus, the
marvelous charlatan who lived from 1493
to 1541, knew of some of these ; and Boyle,

an earnest worker in this field, records
several in his ''Essay on the Usefulness
of Experimental Philosophy," published in

1671. Marggraf, who lived from 1709 to

1783, is the first chemist who is credited

with analyses of minerals. Thomson, in his

history of chemistry (London, 1831), says
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of Marggraf's work :
" His attempts were

rude, but their importance was soou per-

ceived by other chemists, particularly by
Bergman (1735 to 1784) and Scheele

(1742 to 1786), whose industry and ad-

dress brought the art to considerable per-

fection." Bergman, whose De Analysi
Ferri was published in' 1770, has left a

very interesting record of his experiment-

al work, which contributed in a material

degree to advance the knowledge of the

difference between iron and steel. He
employed his pupils to collect specimens

of iron from the different Swedish forges,

and all of these specimens, to the number
of eighty-nine, he subjected to a chemical

examination by dissolving them in dilute

sulphuric acid. He measured the volume
of hydrogen gas which he obtained by
dissolving a grain weight of each, and
noted also the quantity and nature of the

undissolved residue. The general result

of the whole investigation was that pure
malleable iron yielded most hydrogen gas,

steel less, and cast iron least of all.

The amount of Bergman's knowledge and
the value of his methods may be judged
from a table of percentages which he has

left us, giving the composition of cast

iron, steel and wrought iron. This table

shows the following results

:

Cast iron.

Inflammable air. .40.

Plumbago 2.20
Manganese 15.25
Siliceous earth. . . 2 . 25
Iron 80.30

Steel. Wrought iron.

48. 50.

0.50 0.12
15.25 15.25
0.60 0.175
83.65 84.45

In manganese determinations Bergman
evidently took care to avoid the discrep-

ancies which are said to characterize the

work of modern chemists, for we find

that his manganese percentage is in each
case 15.25 per cent. This celebrated

chemist confirmed, to his own satisfac-

tion, the conclusions of Reaumur (1683 to

1757), who considered steel an interme-

diate grade of metal between crude and
malleable iron. His experiments showed
that malleable iron left the smallest

quantity of insoluble residue, steel a

greater quantity, and cast iron the
greatest of all, and from this he drew
his conclusions with respect to the differ-

ence between iron, steel and cast iron.
" Nothing more was necessary," says
Thomson, "than to apply the anti-phlo-

gistic theory to these experiments, as was
done some time after by the French

chemists, in order to draw important con-

clusions respecting the nature of these

bodies. Iron is a simple body, steel is a

compound of iron and carbon, and cast

iron of iron and a still greater proportion
of carbon. The defective part of the ex-

periments of Bergman, as recorded in

this important paper, is his method of

determining the manganese in iron. In
some specimens he makes manganese to

amount to considerably more than one-

third part of the whole. Now, we know,"
continues Thomson, "that a mixture of

two parts of iron and one of manganese
is brittle and useless. We are therefore

sure that no malleable iron whatever can
contain any such proportion of mangan-
ese. The fact is, that Bergman's method
of separating iron ores was defective.

What he considered manganese was
chiefly, and might be in many cases alto-

gether, oxide of iron. Many years

elapsed before a good process for separ-

ating iron from manganese was discov-

ered." To this I may add that many
more years elapsed before steel contain-

ing 30 per cent, of manganese, of which
some description will be given in one of

the papers to be read at this meeting, be-

came a commercial product.

Among other investigations by Berg-
man were a series of experiments made
by him with a view to ascertaining the

cause of brittleness in cold-short iron.

He extracted from such iron a white

powder, by dissolving it in sulphuric

acid. This white powder he succeeded in

reducing to a white and brittle metal, by
fusing it with a flux and charcoal. Klap-
roth (1743 to 1817), soon after described

this metal as a phosphuret of iron, and
Scheele, with his usual sagacity, hit on a

method of analyzing it, and thus demon-
strating its nature. Meyer seems to have
conducted a line of experiments in the

same direction about the time of Berg-
man's work, and he made his conclusions

known to chemists in time to dispute

with Bergman a claim to priority of dis-

covery. As may be supposed, Bergman's
processes were rude and very imperfect.

It was Klaproth who first systematized

chemical analysis, and brought the art to

such a state that the processes could be
imitated by others with nearly the same
results in each case. Klaproth analyzed

about 200 specimens of minerals and met-

als, and most of his conclusions were so
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nearly correct that his successors have, in

most cases, confirmed the results he ob-

tained. When he began his researches,

chemists were not acquainted with the true

composition of a single mineral substance.

The service which Klaproth performed
for mineralogy in Germany was per-

formed equally well in France by Vau-
quelin (1763 to 1829). To this chemist
we are indebted for a description of the
element chromium. All of the early

analyses of ores, iron and steel are cred-

ited to one or the other of these two
chemists. Vauquelin announced that

in steel the carbon percentage averaged

-T4T)th part. By inclosing diamonds in

cavities of soft iron and igniting them,
they disappeared, and the inner surface

of the cavity was found to be converted
into steel. I am not aware that this

process is employed at the present time,

but judging from the disproportion fre-

quently noted in experimental steel man-
ufacture, between the cost and value of

the product, one might suppose it is still

in use. Berzelius, in the first quarter of

the present century, and Ebelmen, about
ten years later, made important contribu-
tions to the knowledge of reagents and
methods. Berzelius was the successor
of Bergman and Scheele. All previous
analyses were revised by him, and mod-
ern chemistry begins with his era. One
of his iron analyses shows iron 90.80,
silicium 0.50, magnesium 0.20, mangan-
ese, 4.57, carbon, 3.90. The pupils of
Berzilius were, to a great extent, instruct-

ors of the chemists of to-day.

Karsten, in 1820, recognized the in-

fluence of carbon on iron, and stated his

belief that iron and steel constitute a
continuous series, there being no distinct

lines of separation between them. In
his judgment it was simply a question of
carbon percentage where, in the series, a
piece of iron or steel belonged. In his

"Metallurgy," published in 1830, he
notes the fact that pig iron contains car-

bon, silicon, sulphur, phosphorus, man-
ganese, calcium, magnesium and chromi-
um. It is probable, however, that all

these elements had been previously rec-

ognized and described. As early as 1815
there was more or less speculation
whether hardness and softness in steel
were due to physical or chemical causes.
Faraday is credited by Percy with hav-
ing been, in 1822, the first to point out
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that a piece of hardened steel dissolved

completely in hydrochloric acid, while

soft steel always yielded a certain amount
of carbonaceous residue when subjected

to the action of that solvent. David
Mushet, in Iron and kited (1840), gives a

very good idea of what was known of

metallurgical chemistry at that time.

He mentions certain ores which contain
" phosphat " of iron, which was gene-

rally believed to account for the fact that

the iron made from them was cold-short.

Mushet, however, was by no means cer-

tain of the cause of cold-shortness.

Phosphorus, he tells us, had long been
regarded as the prime cause of this qual-

ity in iron, but by the practical observer
this theory could not be considered ten-

able, for it had always been noticed that

the most perfect qualities of iron, notably
some of the Swedish makes, gave out in

working "a very strong phosphoric smell."

Regarding the condition in which carbon
exists in iron, Mushet says, "In the works
of those who have treated on iron, I have
never yet seen carbon which exists in

crude iron, distinguished from that ab-

sorbed by malleable iron in the process of

converting it into steel. I could," he
continues, " adduce many facts which to

me appear conclusive, to prove that car-

bon exists in crude iron in a concrete

state separable by mechanical division,

and that it is united to steel in a gaseous
state by the combustion of its base, insep-

arable in any form by the most minute me-
chanical reduction." It is surprising to note
the earnestness and gravity with which in

1840, these statements were made. It

shows the newness of the knowledge
which now-a-days serves as the starting-

point for discussion on such topics.

Mushet treats very fully of the effect of

different substances on the quality of

iron. He made a number of experiments

by fusing iron with different fluxes in

crucibles, and noting the quality of metal
produced. One section of his book is

devoted to the different proportions of

carbon which constitute iron and steel

;

and he gives the results of fourteen ex-

periments. His method was to fuse a
certain number of grains of wrought iron

with charcoal in varying proportions and
note the increase of weight as showing
the amount of carbon taken up. Karsten,

however, promptly challenged the accu-

racy of his methods, and proceeded to
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show that Musbet's tables giving tbe car-

bon percentages in iron and steel were
entirely wrong—much as chemists of tbe

present day are prone to do upon occa-

sion.

It is unnecessary to follow from this

point the progress of metallurgical chem-
istry towards a scientific basis. Its gen-

eral employment as a means of assisting

makers to control the character of their

product concerns us more ; and this is

almost within the memory of even the

youngest of our membership. Most of

us can recollect when the dependence of

the iron-master and the engineer who
cared to know tbe chemical composition

of a piece of iron or steel, was upon the

general analytical chemist. When the

influence of our technical schools began
to be felt, and young men well equipped
for the work began to displace, in the

management of furnaces and mills, those

who had gained their knowledge in the

school of experience, where tbe instruc-

tion is not always thorough in propor-

tion to the cost of tuition, the laboratory

began to be recognized as an essential

part of an iron or steel-making plant,

and in nearly every establishment with
any pretensions to completeness, the

chemist has become an important mem-
ber of the staff. But it is not more than

fourteen years ago that this was tbe ex-

ception rather than the rule. Among my
letters I have one bearing date of 1872,

written by the general manager of an
important iron-works. He says :

" The
president of our company thinks we
ought to follow the fashion and have a

chemist. To my mind it is a waste of

money. When I want an analysis I can

have it made—and that is very seldom
;

for tbe furnace-manager who needs a

chemist to tell him the quality of ore or

limestone, or whether his pig iron is soft

or hard, had better resign and go to farm-

ing. However, if tbe president says

chemist, chemist it is. My object in

writing is to know if you can recommend
a young man competent to fit up a lab-

oratory and take charge of it. We have
very little society here, and it is desirable

that he should be a gentleman. My
wife plays the piano, and I do a little on
the flute, and if we can get a chemist who
plays the violin, we could have some
music evenings. If you can suggest a

man who combines these qualifications I

could employ him. I do not know what
a chemist would expect, but I should not
care to pay more than $10 a week."
When the demand for analytical work

in connection with the iron and steel in-

dustry began to be felt, it brought into

the service of the iron-master a great

many clever and ingenious chemists at

home and abroad, and a varied and valu-

able literature of metallurgical chemistry
was soon created. The need of accurate
analyses was so evident that their import-
ance was, perhaps, somewhat exaggerated
and for a time it seemed as if we might
safely look to the chemist to answer every

question which could be raised by the

iron-master or the engineer. Our confi-

dence in tabulated percentages of the

component parts of a piece of iron or

steel resulted largely from the fact that

we knew so little what knowledge was
needed for a clear and satisfactory ex-

planation of observed phenomena. From
this over- confidence in the power of the

chemist to explain everything, there has
been a natural, and doubtless wholesome,
reaction. Experience has shown that,

great as the value of a knowledge of the

chemical composition of a piece of metal
may be, it is, after all, only a part of the

knowledge we need before we can deter-

mine with what we are dealing.

To some extent, coincident with this

rapid progress of chemical investigation,

and within even a shorter period, we have
seen the development of the physical

test, with the aid of appliances which
have attained marvelous perfection in

surprisingly few years.

Thomas Tredgold, in his " Strength of

Cast Iron," published in 1823, says

:

" Lord Bacon's idea of a mechanical his-

tory, which Diderot attempted to realize,

is not so well calculated to fulfill his own
views (concerning the advancement of

the arts) as a well-directed course of ex-

periments on the nature, forms and
properties of materials In
chemistry much has been done, but an
experimental school of mechanical science

remains to be formed." Beferring to the

necessity for more knowledge of physical

properties than was at that time pos-

sessed, Tredgold says :
" The manner in

which the resistance of materials has
been treated by most of our common
mechanical writers has also, in some
sense, misled the practical men who are
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desirous of proceeding upon sure ground,

and lias given occasion for the sarcastic

remark that the stability of a building

is inversely proportional to the science of

the builder."

Coulomb, in 1781, made some import-

ant experiments on torsion, and was
probably among the first to study the ef-

fect of continued stress upon the elastic

limit of iron and steel. In 1818 Wilson
estimated the power required to crush cast

iron at 2,240,000 pounds to the cubic inch.

Reynolds, quoted by Wilson, recorded
an experiment in which a cube of cast

iron one-fourth of an inch square, re

quired 448,000 pounds to crush it. Tred-
gold considered it necessary to correct

these erroneous estimates, and made nu-

merous experiments with cast iron, test-

ing specimens by static loads and under
a drop. The results are given in the

work before mentioned. He also made
some experiments upon wrought iron,

correcting or verifying the results reached
with crude methods by various European
experimenters between 1758 and 1820.

The modulus of elasticity of steel was
probably first calculated by Dr. Thomas
Young, about 1820, from the vibrations

of a tuning fork. The height of a mod-
ulus found by this method was 8,830,000
feet, and the weight per square inch was
29,000,000 pounds. That is, a bar of

steel 8,830,000 feet in length, and 1 inch

square in cross section, would stretch

from its own weight to double its origi-

nal length; and its weight, 29,000,000
pounds, is the modulus of elasticity as or-

dinarily expressed.

It is within a century that the work of

Navier, Perronet, Poleni, Telford, Brunei,
and others furnished the basis for a more
or less exact knowledge of some of the
more easily recognized and described
physical properties of iron and steel.

Naturally the results reached by these
experimenters were as incomplete, and
in many instances as mistaken, as their

methods and appliances were rude and
unsatisfactory. Drop-hammers, single

lever testing machines and hydraulic
presses were the only power appliances
employed in testing during the first half

of the present century. Experiments
were mostly directed to ascertaining the
tensile strength of materials, chiefly iron,

steel and wood, under shocks or stresses
which, at a single application, would pro-

duce rupture. The breaking point thus
ascertained was termed the ultimate

strength of the material ; and, until very
recently the data thus gathered were the
only bases for calculating the dimensions
of members which were expected to re-

sist tension. Resistance to compression
was similarly determined by the applica-

tion of crushing loads to cubes of unit

dimensions ; and this was deemed satis-

factory until the experiments of Hodg-
kinson demonstrated the previously un-

recognized influence upon resistance to

compression of the ratio of diameter to

length in test specimens.

Among the earlier of the experiment-

ers in this field, Navier is entitled to

special prominence. He probably did

more than any one else to bring science

and practice together, and to make one
help the other. Navier's theory of rup-

ture under transverse strain, though
since found to be correct only within

certain limits, is still quite generally ac-

cepted as a basis for calculations dealing

with such strains. To Woehler, in 1858,

we are indebted for a knowledge of the
influence of the repetition of quiescent

stresses. This led to the formulation of

Woehler's law, that rupture may be
caused by the frequent application of

stresses, in no instance approximating
the original ultimate strength of the
metal. The recognition of this law
established the significance of the elastic

limit in the calculation of dimensions, and
marks what is probably the most import-

ant epoch in modern methods of dimen-
sioning.

In 1862, Ivirkaldy published his " Re-
sults of an Experimental Inquiry, etc.,''

which effected a considerable modifica-

tion of the views previously held by en-

gineers as to the physical characteristics

of materials, especially of steel. These
investigations tended in a material de-

gree to popularize experiments with con-

struction materials in the testing ma-
chine, and created a demand for such
machines, and for accessory apparatus
for measuring elongation, etc. The
Messrs. Fairbanks were, I believe, the

first to produce, in 1863, a testing ma-
chine on the multiple-lever principle, and
though of limited capacity, this was an
important improvement upon previous
constructions. They were qxrickly fol-

lowed by Riehle Bros., whose testing ma-
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chines still hold a high place in the esti-

mation of experimenters. The next
great step forward was marked by the

production of Thurston's automatic re-

cording torsional testing machine. The
progress continued until it culminated in

the Emery testing machine, probably the

most remarkable instrument of precision

ever built, and the most improved type
of which dates no further back than 1880.

In the line of automatic recording ap-

paratus the latest form, devised by Ab-
bott, illustrates the high development at-

tained in the construction of testing ma-
chine accessories.

The period from 1850 to 3875 was,

without doubt, the most fruitful in addi-

tions to our knowledge of the physical

properties of iron and steel as revealed

by the testing machine. It comprised
the investigations of Navier, Fairbairn,

Woehler, Spangenberg, Kirkaldy and
Thurston. The work of these and other

investigators, brought the physical labora-

tory fully abreast with the chemical la-

boratory, and each has given to work
done in the other a value it would not
othewise have possessed. But he who
should undertake the study of iron and
steel with no other light than that which
analysis and test can give him, though he
would learn much of value, would find

himself baffled at every turn by mysteries

which these methods of investigation

cannot solve. This is especially true of

steel. In my experience, very few of

those who make or use steel are pre-

pared to accept the statement that chemi-
cal analysis alone can be relied upon to

determine its quality. It may be broadly
stated that certain compositions never
make good steel ; but the reverse cannot
be asserted with equal confidence. With
a given composition the result depends
primarily upon the perfect admixture of

the ingredients. Imperfect melting will

give an unsatisfactory product, no matter
what the stock used or the composition
shown by analysis of the ingot. It will

also be questioned by many whether a

method of accurately determining the
oxide of iron in steel would materially

increase the confidence we should feel in

a judgment of quality from analysis. It

is true that chemical methods are becom-
ing more rapid and accurate every day

;

but with as complete a knowledge of the

stock from which steel is made as chemi-

cal analysis can give us, there still remain
a great many uncertain factors in the
equation of quality. In fact, it seems
that the value of ingot analysis may eas-

ily be very much exaggerated, and that

within certain limits the physical structure

of a piece of metal is quite as important
to be known as its chemical composition.
There are many gentlemen in this au-

dience who could substantiate, by the
results of long experience, the broad
statement, that without good melting
and proper subsequent treatment of the

ingot, good steel is impossible with any ad-

mixture of ingredients which the chemist
may prescribe. Chemistry has its limita-

tions—not quite sharply defined, perhaps,

but still evident. If the chemist should
ever succeed in giving us a report show-
ing the exact proportion of each constit-

uent of a piece of metal, beyond ques-

tion or doubt, we might still be in the

work before us where the builder is

when he stands among his bricks and
lumber and the sundry materials he
makes use of in construction. If he knew
nothing more than the count and tally of

his materials he could build nothing.

Nor is the testing machine infallible.

What it shows is, to a greater or less

extent, dependent upon what the opera-

tor seeks to have it show. We all know
how, on the one hand, by sudden shock
applied to a specimen under stress, it

can be made to give results far below
any recognized standard ; and how, on
the other hand, by gentle increments of

stress through lengthening intervals of

time a piece of metal may be coaxed to

show test results far above its real value,

and apparently inconsistent with it chem-
ical composition. But even when it is

possible to have such confidence in a

physical test as can only result from a

a knowledge that everything connected
with it has been honest and fair, and sur-

rounded by safeguards against every

known source of error, we must look else-

where than to the chemist for an explana-

tion of many of the phenomena which the

testing machine reveals. If we seek to

compare the results of physical and
chemical test we shall become hopelessly

confused. Generalizations warranted by
one relation of composition to qualify

will often be contradicted by a different

relation, and we should reach the almost

despairing conclusion that one or the
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other of these methods must be accepted

as the sole standard by which to judge
quality. Which we should choose would
depend upon whether we had formed our
opinions in the laboratory or in the

mill.

To harmonize what seem to be the

often-conflicting results of chemical an-

alysis and physical test, we must seek for

a knowledge of causes affecting quality

in yet other directions. In this we have
already had assistance of the greatest

value. The anomalies developed by the

steels made by different formulae, and of

samples of a given composition taken at

different stages in the process of manu-
facture, has called attention to the fact

that the quality of steel does not alone

depend upon what it is made of.-

In 1873 the building of three large

iron-clads was begun at Brest and
L'Orient, and steel was largely used in

their construction. Lieut. J. Barba,
Chief Naval Constructor at L'Orient, in-

vestigated some of these anomalies, and
to him we are indebted for the first

exact observation of the effect of manip-
ulations upon steel. Barba's work was
ably supplemented by that of Joessell,

and continued by Pourcel, Holly, Met-
calf, Hill, and others, with the result of

showing that the influence of manipula-
tion in processes of manufacture is of

prime importance in its relation to the
quality of the finished product. It is

important to know the chemical compo-
sition of muck-bar and ingot, but experi-

ment and experience have shown that
the beam, the rail, the ship-plate and the
bridge-member on which the safety of the
whole structure may depend, may be so
far below the standard of quality which
analysis would lead us to expect, or
physical tests of specimens taken at in-

termediate stages in the process of manu-
facture warrant us in assuming, that we
must seek still further light on the sub-
ject in the revelations of microscopic an-
alysis.

In the microscope we have an in-

strument which promises to supplement
the laboratory and the testing machine,
to harmonize their seemingly conflicting

records, and to detest the influence of

shop treatment at every step in the pro-
cess of manufacture. The work of the
microscopists who have thus far turned
their attention to iron and steel, has not

been complete enough as yet to give us
more than a few standards by which to

compare our observations, but I do not
doubt that within a very few years the
microscope will give the laboratory and
the testing machine a value for the iron-

master, the steelmaker and the engineer
incomparably greater than that they now
possess. This branch of special investi-

gation is one which offers many attrac-

tions for the conscientious student who
will approach it in the earnest spirit of

scientific inquiry. Within the little circle

of the field of a microscope, there is

more to be learned of value to science

and the arts than the chemist can pre-

dict or the physicist explain. It will

bring us to the point beyond which no
investigation can proceed. Then, as

now, we shall realize fiat " the utmost
still is hid ;

[' but when we shall have
learned all it is yjossible to learn from
the revelations of the microscope, we
shall have followed truth to the limit of

human intelligence, and seen it fade into

infinite mystery.

Meanwhile, let us remember how new
is our knowledge of iron and steel, how
incomplete, and how dependent is the
student by one method upon the knowl-
edge gained by other methods, some as

yet almost untried. It is too soon for

broad generalizations. The key to the

mystery seems to lie in the structure of

the metal, and until we know more of

this, and can reason from effect to cause

through the known phenomena of an-

alysis and test, we may safely distrust

that assurance of conviction and posi-

tiveness of utterance which Tyndall tells

us are ever characteristic of the " confi-

dence of half knowledge."

The Japanese are seriously considering the
utilization of the hot springs near Tokio,

as a means of producing heat and power. The
subject has been discussed in the Japanese
Scismologic Society. In a country where the
presence of hot springs and the frequency of

earthquakes indicate a rapid increase of subter-

ranean temperature, the thing may be quite

practicable. In the "Proceedings" of the
Paris Society of Civil Engineers it has even
been questioned whether the extraction of the

heat would not diminish in some degree the
frequency and intensity of earthquakes : but if

any considerable heat extraction could be ef-

fected, exactly the contrary would be the re-

sult.
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ON THE REDUCTION OF THE GRADIENT ON CURVES.
By H. P. VINCENT.

Contributed to Van Nostrand's Engineering Magazine,

In the following paper are contained

the results of an investigation into the

nature of the resistance to the movement
of trains, arising from curves. The older

data, on which it is based, are indeed but

"rudely observed facts," as so forcibly

pointed out by Mr. Wellington in his

celebrated work. There is, however, also

a small body of later observations, both
published and unpublished, besides my
own, of which I have availed myself. Al-

together the material is scanty, consider-

ing the importance of the subject; and it

would therefore be too much to expect a

fine degree of accuracy in the resulting

formula.

Let Q=number of horse-powers devel-

oped by the locomotive in tak-

ing a train at uniform speed up
any grade—provided that grade
be perfectly straight.

P==number of horse-powers devel-

oped by the locomotive in taking
the same train, at the same uni-

form speed, up that same grade
—provided that grade be all on
a curve of the degree d.

d= degree of curve.

n= total number of cars (locomotive
and tender included) which
constitute the train under con-

sideration.

L= total length of that train.

k

=

coefficient of curve-resistance;

not to be confounded with the
coefficient of friction. The co-

efficient of friction for the differ-

ent materials have been ascer-

tained under the condition, that
the pressure should never be-

come large enough to cause
noticeable abrasion. But it is

the very nature of curve-resist-

ance to cause abrasion.

Then there is approximately,

p= (i + ,M..-q + ( ) where

t=

nt

dlj

5730 n
k

This formula is based on the car as a
unit. Better results, at least theoreti-

cally, may be expected from introducing,

as a unit, the axle, or even the rigid

wheel-base. Whether the practical bene-

fit will compensate for the increased

difficulty of the formula I have not, at

present, the means of deciding, but in-

tend to consider at some future day.

To utilize this formula for freight ser-

vice—the only one I shall here consider
—for the purpose of finding the grade g
(in per cent.) which, combined with the

curve of degree d, shall consume the
same power as the tangent grade G (in

per cent.), I assume the total resistance

of the train on straight and level track,

for the usual speed of trains (10 miles

per hour) as 8 pounds per ton (@ 2,000
lbs.) of the weight of train. This resist-

ance is greater than the so-called rolling

friction of the train. The former is the

measure of the work performed by the
engine ; the latter alone taxes the adhe-
sion. The object here to be obtained is

to equalize, not merely the external re-

sistances, but the total work of the
engine. This value is but an approxima-
tion by Clark's data. There are other
formulae, more complicated, but scarcely

more trustworthy. Nothing can give

accurate values but an extensive study
of indicator diagrams taken under the

carefully ascertained conditions of actual

traffic.

With this assumption there is

#=(G + 0.4)
tit

a+*jn+l_ (1 +
-0.4 where
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t=
dh

5730 n
(0.3 + 0.06d)

The value of the coefficient k, as here
given, is the weak spot of this formula,
for the reasons pointed out in the intro-

duction. Such as it is, it gives fair work-
ing results up to 20° or 21° curves. The
additional resistance which may be caused
by the centrifugal force of the train, is

not included. For roads with trains of

low average speeds I simply neglect it

;

and for roads with high average speeds I
assume it counterbalanced by the super-
elevation. In the latter case the use of

some kind of transition curve is essential.

L and n depend principally upon the
locomotive used ; upon the weight of the
average car, and upon the weight of its

average load. In general, n should be so

taken, that the locomotive could just

move the train at normal speed from
water-station to water-station up the
grade under consideration, if it were per-
fectly straight.

This formula is intended only for the
reduction of the grade on curves, which
are longer than the train, and for stand-
ard gauge roads.

N
For shorter curves a

formula might also be given, but it is sim-
pler in practice to use the reduced grade

on all curves, long and short alike ; but
ou curves shorter than the length L of

train, instead of beginning and ending
the reduced grade at the nearest station,

resp. half-station to the B. C. and E. C,
begin and end it at another station, resp.

half-station, further on the curve, in in-

verse proportion to its length.

As an example, I will take the Mogul loco-

motives of the Southern Pacific Railroad,

of 64,000 lbs., weight on the drivers, total

weight with tender, about 120,000 lbs,

boiler pressure, 120 lbs. per square inch.

It can, with certainty, take 20 average
loaded cars up a 1 per cent, straight grade
at a speed of twelve miles per hour, at a

continuous effect of 412 indicated horse-

powers.
The following table shows the grades,

which, combined with the curves above
them , will require the same continuous

effect from the engine, provided that ail

curves are at least as long as the train.

For shorter curves an approximate method
has been indicated above ; and instead

of returning to the full tangent grade for

shorter distances than 200 feet, the grade
on one curve should gradually pass into

that on the other. As a matter of course,

abrupt changes of grades are to be eased

off by the usual vertical curves.

Degree of curve

.

Grade in per cent

Difference
,

1

1.000 0.973

27

2

0.985

3

0.888

4

0.83£

5

0.771

6

0.703

7 8

0.630 0.553

38 47 55 62 68 73

Degree of curve ....

Grade in per cent. .

.

Difference 80

9

0.473

10

0.393

11

0.313

12

0.235

13

0.160

14

0.089

15

0.023

16

0.037
descend'g

80 78 75 71 66 60

The third line contains the differences

between the grades in thousandths of one
per cent. It will be noticed, that these
differences are increasing at first, are then
stationary and finally are decreasing.

This is an expression of the fact, that the
value of the coefficient k is but an ap-

proximation. It is easy to see, even with-
out graphical representation, that about

a 14^° curve on a level would be equiva-

lent to a straight 1 per cent, grade for the
locomotive here considered, with such
weight of average ear and average load,

as form the basis of this computation.
Any one objecting, that this table

shows too much of a reduction of the gra-

dient, could readily use smaller propor-
tionate amounts, if so inclined. And
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even to those, who—rejecting formula
altogether—use empirical scales, this and
corresponding tables might serve as a kind

of preliminary guide. For empirical scales

can by much hard work be made, which
will give excellent results, as experiments
carried out on the more recently built por-

tions of the Southern Pacific Railroad

amply prove. The grades on curves on this

road are somewhat less reduced than the

above table shows, but the whole system
was undoubtedly designed originally for

a lighter locomotive—probably of the

Standard American pattern—than the one
there largely used now for heavy freight

trains. The methods above advocated,

however, are not those of the Southern
Pacific. The latter are arithmetically

more accurate, but also more labori-

ous.

It has been objected that this investi-

gation rests upon no basis of experi-

mental fact; that the existing state of

knowledge does not warrant the use of so

complicated a formula ; and that it prob-

ably contains a theoretical error.

These objections seem to involve an en-

tire misconception of the meaning of a

formula, such as the above. This is, like

every other physico-matbematical theory,

an attempt to combine and harmonize
such observations as are available. It is

indeed very much to be regretted that

the' same interest is not manifested in the

locomotive that has been lately exhibited

in the mechanical movements of the horse,

for which the wonderful series of experi-

ments in California form the basis of all

accurate knowledge. For then we would
now have, or might soon expect to obtain,

a large body of scientific experiments on
the performance of the locomotive. But
as there is no immediate hope of this, the

best any one can do is to combine and
utilize such observations as there are.

An apprehension, that this formula con-

tains a theoretical error, is saying but little

against it. I think it very likely that it

does contain a theoretical error, and would
consider it little short of a miracle if it

did not. The apparent complication of the

formula is nothing against its value, but
merely against its convenience. It is in

the nature of things that a simple formula
cannot be correct. Besides, the former
assumption of a reduction of the gradient

in direct proportion to the sharpness of

the curve, on all gradients alike does not
lead to a simple formula for the work per-

formed by the engine, which is after all

the fundamental consideration. And less

so does the progressive scale given in Mr.
Wellington's work. That these scales

were never before put into the shape of

formula? does not alter the matter ; the

mathematical law remains the same, how-
ever expressed.

To compare this subject to another of

vastly greater importance—the flow of

water in channels. For nearly a century a

great number of mathematical expressions

for the velocity of flow have been given by
different investigators. Which of them is

the correct one ? There is evidently no
correct one; for every one of them, under
certain conditions, gives notoriously er-

roneous results. And when Messrs. Gan-
guillet and Kutter published their investi-

gation, was the state of knowledge at the

time such as to warrant the use of that

complicated formula? Nevertheless, very

many hyclrauhcians seem to think that it

has helped to advance our knowledge and
that it is, in fact, the best in exist-

ence.

In view of this and other similar cases,

I have no fear of corrupting the scientific

conscience of my fellow " railroad-stakers-

out" and venture to submit to them my
formula with all its imperfections on its

head.

Anew process for working lead fume into

litharge and red lead has been described
in the "Journal" of the Society of Chemical In-

dustry. The fumes evolved from the working
of galena contain lead sulphate, sulphite and
oxide, arsenic and antimony, also lead sulphide,

and when zinc ores are present, zinc oxide. The
lead fume is mixed with sodium carbonate or
hydroxide, and roasted. The roasted product
is then washed, whereby sodium sulphate and
sulphite and sodium compounds, containing
arsenic and antimony, are separated. The lead

compounds are converted into lead oxide by
this treatment. The lead fume may be boiled

also with a solution of sodium carbonate or hy-

droxide, lead carbonate and hydroxide being
formed, whilst arsenic and antimony are dis-

solved. The washed precipitate is then roasted.

In the presence of zinc compounds they are re-

moved by boiling with sulphuric acid. If lead

sulphide be present, it is necessary to boil first

with a solution of calcium hypochlorite. So-

dium sulphate is recovered from the liquors

after separating arsenic and antimony.
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PRIMARY BATTERIES FOR ELECTRIC LIGHTING.
By ISAAC PROBEKT.

From the "Journal of the Society of Arts."

It has been said that " history repeats

itself," and this quotation was never more
appropriate than to the subject that will

engage our attention this evening.

All of us probably know that it was by
a primary battery that the electric light

was first introduced. So far back as

1802, Sir Humphry Davy, using a battery

consisting of plates of copper and zinc

dipped into dilute acid, obtained the elec-

tric arc between poles of carbon. In the

Journal of the Royal Institution for that

year, Davy, in describing some experi-

ments on the spark yielded by the newly-
invented galvanic battery, uses these

words:—"When, instead of the metals,

pieces of well -burned charcoal were em-
ployed, the spark was still larger, and of

a vivid whiteness." He also pictures an
apparatus for, as he says, "taking the

galvanic electrical spark in fluids and
aeriform substances." It consisted of a

glass tube, open at the top, and having a

tubular outlet at the side through which
a wire tipped with charcoal was intro-

duced, another wire, also tipped with
charcoal, being cemented in a vertical

position through the bottom.
In the same year, the electric light,

sustained by voltaic action, was publicly

shown in Paris by the citizen Robertson.
Professor Sylvanus P. Thompson, in an
interesting communication to Nature, has
quoted a passage in the Paris Journal
of March, 1802, from which it appears
that the experimenter used a voltaic pile

of 120 elements of zinc and silver, to each
pole of which he attached a carbon. On
bringing the carbons into contact, a bril-

liant spark was obtained of extreme
whiteness.

A few years later, Davy, with the large
battery of 2,000 cells, which the munifi-
cence of some members of the Koyal In-

stitution placed at his disposal, obtained
an electric light of a power that has
rarely been surpassed, even in our own
day.

Thanks to the kind efforts of our
Chairman, one of Davy's original battery
cells is on the table to-night. The com-

plete battery, to use Davy's own words,

consisted " of 200 instruments connected
together in regular order, each composed
of 10 double plates arranged in cells of

porcelain, and containing in each plate 32

square inches. The battery, when the

cells were filled with 60 parts of water,

mixed with one part of nitric acid, and
one part of sulphuric acid, afforded a

series of brilliant and impressive effects.

When pieces of charcoal about an inch

long and one-sixth of an inch in diameter,

were brought near each other (within the

thirtieth or fortieth part of an inch), a

bright spark was produced, and more
than half the volume of the charcoal be-

came ignited to whiteness, and by with-

drawing the points from each other, a

constant discharge took place through
the heated air, in a space equal to at least

four inches, producing a most brilliant

ascending arch of light, broad and coni-

cal in form in the middle.''

The electrician, Children, constructed a

battery of twenty cells having huge
double plates four feet by two, of which
the whole surfaces were exposed, in a

wooden trough, in cells covered with ce-

ment, to the action of diluted acids. It

was the grandest combination ever then
constructed for exhibiting the effects of

extensive surface. To quote Davy's
words :—" Points of charcoal ignited by
it produced a light so vivid, that even
the sunshine, compared with it, appeared
feeble."

The light obtained by these experi-

menters was beautiful in the extreme, and
naturally excited the admiration and the

hopes of the public, or at least of that

educated section of the public to whom
the advances of science are not unknown

;

but it was in no way a practical light.

The copper-zinc battery used in the ex-

periments was crude, and quite incapable

of sustaining a constant current, the car-

bon points employed for the arc to play

between were mere sticks of wood char-

coal, which gave an unsteady light and
rapidly consumed, and the beautiful reg-

ulators with which we are familiar, for
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keeping the length of the arc constant,

were then quite unknown.
It has just been said that the current

obtained by the battery employed in

those early experiments was not constant.

This want of constancy is due to what is

called the polarization of the battery

—

that is, the deposition of hydrogen gas
upon the copper plate. In the working
of the battery, the zinc plate is oxidized

and transformed into sulphate of zinc by
the sulphuric acid in which the plates are

immersed. At the same time, hydrogen
gas is liberated on the surface of the

copper-plate, where it collects and forms
a layer of appreciable thickness, which
offers considerable resistance to the

transmission of the electric current. It

also gives rise to an electro-motive force

opposed in direction to that of the cop-

per zinc couple. The effect of the polari-

zation of the battery is then to consider-

ably reduce the current flowing, and
worse than this, the amount of deposited
gas varies with time and other circum-
stances, and the current likewise varies

Such a battery, when used to produce
the electric light, furnishes a light of con-
stantly varying intensity which is ex-

tremely painful to use, and possesses
other drawbacks also.

It is evident then that a battery, to be
of any use for practical electric lighting,

must be capable of generating a constant
current. It should also possess these
other qualifications, viz., a high and con-
stant electromotive force and a small and
constant internal resistance. It should
consume inexpensive materials, and
should consume nothing when it is pro-
ducing no current. It should be capable
of being easily cleaned, and of being sup-
plied with fresh materials. It should re-

quire no skilled attendance. Unfortu-
nately, no battery hitherto invented pos-
sesses all the required qualifications.

So long as constant batteries were un-
known, the electric light remained a sci

entitle curiosity, but the invention, by
Grove, in 1836, of his nitric acid battery,

gave a fresh impetus to the subject. Of
all the points enumerated, the power to

furnish a constant current is the most
important. As the want of constancy of

a battery is due very largely, although
not exclusively, to the deposition of hy-
drogen gas upon the copper plate, in-

ventors naturally turn their attention to

the devising of methods of ridding the
battery of this objectionable feature.

Mr. Alfred Smee was very early in the
field ; he found that by roughening the
copper plate, the disengagement of the
bubbles of hydrogen from its surface was
greatly facilitated. The gas, instead of

forming a smooth layer upon the copper,

collected upon the rough portions, and
was discharged upwards through the
liquid in streams.

On further investigating the subject,

Smee found that it was not necessary

that these roughenings of the surface

should have appreciable size. In fact,

better results were obtained with a mul-
titude of small points, from which the

gas could be disengaged as quickly as it

was liberated by the electrolytic action

of the battery, than with a few points of

large size, which, although capable of re-

leasing big bubbles, yet permitted the

gas to remain on the plate until the big

bubbles had been formed by the aggrega-
tion of the tiny particles of gas which
first appear. He therefore abandoned
the copper plate, roughened mechani-
cally, with which his earlier experiments

were performed, in favor of a platinum

plate, coated with a deposit of very finely

divided platinum, obtained by exposing

the plate to the action of solution of chlo-

ride of the metal, under the influence of

the galvanic current. In our own day,

platinized silver is often, through a false

idea of economy, substituted for the

platinized platinum.

This was a very great advance. The
Smee battery was justly esteemed at the

time for its great constancy as compared
with the batteries previously in use. But
its constancy, although great in compari-

son with that of the other batteries then

known, was still very far from perfect.

Smee's method of eliminating the ill-

effects of the layer of hydrogen was but

a method of removal, and the question

naturally presented itself to the minds of

inventors whether a method of preven-

tion could not be devised. An answer in

the affirmative was given by Professor J.

F. Daniell, of King's College, who in-

vented a battery which remains to this

day unequaled in constancy. You may
be interested to hear the description of

this first constant battery worthy of the

name, in its first form, in the inventor's

own words. Thev are these

:
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"A cell of this battery consists of a cy-

linder of copper three and a-half inches

in diameter, which experience has proved
to afford the most advantageous distance

between the generating (that is the zinc)

and conducting (that is the copper) sur-

faces, but which may vary in height ac-

cording to the power which it is wished
to obtain. A membranous tube, fcmed
of the gullet of an ox, is hung in the cen-

ter by a collar and circular copper plate,

resting upon a rim placed near the top of

the cylinder, and in this is suspended, by
a wooden cross bar, a cylindrical rod of

amalgamated zinc, half an inch in diame-

ter. The cell is charged with a mixture
of eight parts of water and one of oil of

vitriol, which has been saturated with
sulphate of copper ; and portions of the

solid salt are placed upon the upper
copper plate, which is perforated like

a colander, for the purpose of keeping
the solution always in a state of satura

tion. The internal tube is filled with the

same acid mixture without the copper. A
tube of porous earthenware may be sub-

stituted for the membrane with some lit-

tle loss of power. A number of such
cells admit of being connected together

very readily into a compound circuit, and
will sustain a perfectly equal and steady
current for many hours together, with a

power far beyond that which can be pro-

duced by any other arrangement of a

similar quantity of the same metals.
" The surface of the conducting metal

is thus perpetually renewed by the depo-
sition of pure copper, and the counter-

action of zinc or any other precipitated

metal effectually prevented. The minor
affinity of the copper for the acid, how-
ever, still remains, and such an opposition

could only be effectually avoided by the

employment of platinum plates, perpetu-
ally renewed by the decomposition in the

circuit of chloride of platinum ; such an
arrangement would be perfect, but too
costly for ordinary applications."

This battery, the prototype of all chem-
ical depolarizing batteries, is worthy of

attentive study. In it the hydrogen, in-

stead of being deposited upon the copper
plate, is oxidized to water by the solution

of copper sulphate, and metallic copper in

place of hydrogen is thrown down upon
the copper plate. Polarization is thus
entirely prevented.

If constancy of current were the sole

requisite of a battery for electric lighting,

the Daniell battery would be admirably
suited to the purpose, but it will be re-

membered that a high electromotive force

and a low internal resistance are also es-

sential, and here the Daniell battery fails.

The electromotive force of any copper
zinc couple is low, and the internal re-

sistance of tht; Daniell cell is high. The
electromotive force might be raised by
the device suggested by Daniell of em-
ploying platinum in place of copper, and
solution of chloride of platinum in place

of solution of sulphate of copper, but the

expense would militate against the prac-

tical success of such an arrangement.
It was reserved for Grove^—now the

Hon. Sir W. R. Grove, one of her Majes-

ty's Judges, but then Professor of Chem-
istry at the London Institution—to over-

come this difficulty, and to produce a

chemical depolarizing battery of high
electromotive force, low internal resist-

ance, and employing a comparative cheap
depolarizing liquid. Daniell, as we have
seen, had appreciated very clearly the

advantage of a platinum plate, but his

mind seemed so engrossed with his origi-

nal idea of a metallic solution, as depolar-

izer, which in decomposition deposit upon
the plate dipping into it a layer of the

same metal, that the possibility of finding

a non-metallic depolarizer does not ap-

pear to have suggested itself to him.

Grove, however, saw this possibility, and
by the substitution of strong nitric acid

for the metallic solution, achieved the

success which Daniell had vainly sought
for. For the first time, the production
of the electric light by the acid of a pri-

mary battery became possible on a prac-

tical scale ; and the very year of Grove's

invention, the electric light was used for

theatrical purposes, at the Opera House,
in Paris.

Suggestions by Cooper, Walker, Bun-
sen, and Archereau, quickly followed, and
in the course of a few years the nitric

acid battery had assumed its present

convenient form.

It would be tedious to tell you of the

many attempts to practically introduce

the electric light which now rapidly suc-

ceeded one another. One of the most
noteworthy instances of the employment
of this battery is the electric lighting of

the Cherbourg Docks, during their con-

struction in 1858, whereby 1,800 men
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were enabled to work during the night,

when work must otherwise have been sus-

pended.
In 1831, Faraday made the important

discovery that when a closed circuit of

conducting material—a ring of copper,

for example—is moved in the neighbor-
hood of a magnet, so that the conductor
passes from a position of one magnetic
intensity to a position of a different mag-
netic intensity, a current of electricity is

generated in the conductor, and that

when the conductor is moved, so that a

current is generated in it, more mechani-
cal work is done in producing the motion
than when no current is generated. In
effect, this great discovery was that, by
the intervention of a magnet and a coil

of wire, mechanical energy—the energy
of the arm or of the steam-engine—can
be transferred into electric energy. Out
of this discovery have grown the huge
dynamo-electric machines of to-day,

which, as generators of electricity' for

lighting purposes, have almost driven
voltaic batteries from the field of com-
petition.

Why is this ? Why is it that a dyna-
mo-electric machine should be almost
universally preferred to a voltaic battery
for the production of the electric light ?

It is a question of cost—of the relative

cost of the two methods of producing an
electric current. Let us examine this

point a little in detail.

Both in a voltaic battery and in a dy-
namo-electric machine, the electric energy
is ultimately referable to combustion, or,

more strictly, to chemical combustion. In
each there is a combustible substance, oxy-
gen or an equivalent substance, to sus-

tain the combustion, and the means
wherewith to collect and utilize the en-

ergy liberated. In a voltaic battery, the
combustible substance is usually zinc,

and the oxygenous substance sulphuric
acid. In a dynamo-electric machine—or
rather in the furnace of the engine that
drives it—the combustible substance is

coal, and the oxygenous substance air.

The question, therefore, as ordinarily
presented, resolves itself into this : Ee-
quired a certain quantity of electric en-
ergy

; can it be more economically pro-
duced by burning zinc in sulphuric acid
in a voltaic battery, or by burning coal in
air in the furnace of the engine of a dy-
namo-electric machine? In answering: this

question, we must consider the relative

cost of zinc and coal, their thermal equiv-

alents— that is, the amounts of heat ob-
tainable by the combustion of equal
weights of the two materials ; the effici-

ency of the battery and the engine and
machine—that is, the proportion of use-
ful work obtained to the total energy
generated ; the cost of the oxidant of
the zinc-air—the oxidant of the coal cost-

ing nothing ; the relative cost, both orig-

inal and for maintenance of the battery
and the dynamo and engine ; and the rel-

ative cost of attendance. In the case of

the battery, there is also the possibility

of the utilization of the bye-products to

be considered.

To make the matter quite clear, let a
practical illustration be taken. Let it be
supposed that a house has to be lighted

by a hundred incandescent lamps, each
requiring a current of .75 of an ampere
urged by an electromotive force of 100
volts. The rate at which energy is ex-

pended in each lamp, expressed in volt-

amperes or watts, of which 746 were
equal to a horse-power, will be .75 X
100, that is 75. The energy expended in

the 100 lamps will be at the rate of 7,500
watts, which are equal to 10.05 horse-

power. But this, it must be remembered,
is the actual rate at which energy is ex-

pended in the lamps. The energy that

has to be developed by the engine is

greater, for no dynamo-electric machine
is perfectly efficient, no dynamo machine
gives out as electrical energy the exact

equivalent of the mechanical energy ex-

pended upon it. Let it be supposed
that the machine used in our installation

has a " commercial '' efficiency of 80 per
cent., that is, that 80 per cent, of the me-
chanical energy put into the machine re-

appears in the external or lamp circuit as

electrical energy, the balance being wasted
in heating the armature coils, and the

friction of axles, slipping of belts, and
other mechanical sources of loss. Then
the rate at which energy is generated by
the steam-engine must be 10.05 + 1.25,

that is 12.55 horse-power. This mechan-
ical energy is to be produced by the com-
bustion of coal, and if all the heat liber-

ated in the combustion of the coal could

be collected and utilized, the supply of

coal required to generate energy at the

rate of 12.55 horse-power would be very

small ; but, unfortunately, steam-engines,
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even of the best make, have but low effi-

ciency, and a horse-power-hour of energy
requires in practice somewhere about 4^-

lbs. of coal for its production ; 12.55

horse-power-hours will therefore require

about 56 J lbs. of coal—say, roughly, half

a-hundredweight, the cost of which is not
more than 6d. Assuming that the lamps
were required to burn for 1,800 hours a

year—that is on an average nearly five

hours a day—the annual cost for coal

would be £45. The prime cost of a suit-

able dynamo-machine and engine (with

boiler) would be, say, £300, the interest

on which, at 4 per cent., would be £12,
and the annual depreciation, at 10 per

cent., £30 ; the cost of attendance would
be about £60, so that the prime cost

would be £300, and the total annual cost

£147, or £1 9s. 5d. per lamp.
If a galvanic battery is used to supply

the current to the lamps, the energy will

require to be produced at a rate

of somewhere between 10.05 and 20.1

horse-power, for the efficiency of a

galvanic battery depends upon the

relations subsisting between the resist-

ance of the battery itself and the re-

sistance of the external circuit. When
the greater resistance is reduced until it

exactly equals the smaller, the greatest

possible current is obtained from the bat-

tery, but exactly one-half of the energy
liberated is wasted in heating the battery.

"When the external resistance is high, as

compared with the internal, the current
is less, but the percentage loss of energy
is also less. As a matter of practice,

therefore, it becomes advisable to arrange
the resistances so that the external is

greater than the internal, whereby the ef-

ficiency of the latter is made to as nearly
approach a hundred per cent, as we wish.

Let it be supposed that in our installa-

tion the efficiency is, as in the dynamo
just considered, 80 per cent. To liberate

a horse-power-hour of energy, a quantity
of zinc must be oxidized equal to 2.022
lbs. divided by the electromotive force of

the galvanic couple in use. It is calcula-

ble that the highest electromotive force

obtainable in any zinc sulphuric acid bat-
tery is 2.248 volts, from which, however,
a deduction must be made on account of
the energy absorbed in the chemical ac-

tion of depolarization. The amount of
the deduction will depend upon the na-
ture of the depolarizer : with nitrate of

soda and sulphuric acid it is .708 volt,

with bichromate of potash it is .343 volt,

and with fuming nitric acid .284 volt. In
order to do fullest justice to batteries,

let it be assumed that strong nitric acid

is the depolarizer used in our instaUation.

The deduction to be made from the total

electromotive force of the battery is,

therefore, .284 volt, and the net electro-

motive of the battery is 1.964 volt, which
corresponds to a consumption of 1.03 lb.

of zinc per horse-power-hour of energy.

To liberate 12.55 horse-power-hours,

12.93 lbs.—say 13 lbs.—of zinc must be
used. If the price of zinc be taken at

2^-d. per lb., the zinc used per hour costs

2s. 8^-d. But the expense does not end
here. Air, the oxidant of coal, costs

nothing; whereas sulphuric acid, the

usual oxidant of zinc, is of considerable

value, costing, even on the commercial
scale, fd. per lb.

To oxidize a pound of zinc, 1£ lb. of

sulphuric acid is required, as is shown by
the equation, Zn + H„S0

4
= ZnS0

4 +
H

2
. To oxidize 13 lbs. of zinc, 19 ^ lbs.

of acid are therefore required, which
costs Is. 2fd. ; this, added to the cost of

the zinc, makes about 3s. lid. But we
cannot stop even here. In order that the

zinc may give the greatest possible return

of energy, the electromotive force of the

voltaic arrangement must, as has been
stated, be high, and this—as a net result,

at least—can only be obtained by the aid

of a good depolarizing liquid. We as-

sumed ourselves to be using strong nitric

acid, and if we suppose that the average
effect of nascent hydrogen upon this sub-

stance is to produce nitric oxide (N„
2 ),

the amount of acid required will be shown
by the equation 2 HN0

3
+ 3H„ (equiva-

lent to 3 Zn)=N
2 2

+ 4 H.
2
O." It fol-

lows, therefore, that the solution of

every pound of Zn is accompanied by the

deoxidation of § lb. of nitric acid. In the

production of 12.55 horse-power-hours of

energy, 8| lbs. of nitric acid will therefore

be deoxidized, the cost of which, at 6d.

per lb., is 4s 4cl. This, added to the cost

of zinc and sulphuric acid, gives Ss. 3d.

as the total cost of materials.

But we have not yet done. A battery

cannot be charged, and then kept in ac-

tion until every grain of zinc and every
drop of acid have been consumed. It has
been found by experience that no more
than about 20 per cent, of the acid can
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be utilized. When this proportion has

been used, the battery begins to flag, and
is soon of no further use for electric

lighting until the solutio7i has been
changed. The greater part of the acid is

thus removed as spent solution. But
neglecting this source of waste for the

moinerjt. and assuming that by a careful

process of " refreshing " it is possible to

completely exhaust the acid solution, let

us see what the cost of our 10.05 horse-

power is when generated by a galvanic

battery. We have seen that the cost of

materials per hour is 8s. 3d., and assum-
ing, as before, that the light will be re-

quired for 1,800 hours a year, the annual
cost for materials only is £742 10s. Od.

The prime cost of the battery may be
taken at £120, the interest, at 4 per cent.,

on which is, say, £5, and the annual de-

preciation, at 10 per cent., is £12. The
cost of attendance is very difficult to de-

termine. Primary batteries have as yet

been used for electric lighting to such a

small extent, that there are, practically,

no records of experience whereon to base
an opinion. It is claimed by the inventors

of batteries that the cost is very small

;

they say that no skilled attendance is re-

quired, and this seems reasonable; and
that there is nothing further to do than
might be done by a domestic servant in

the ordinary course of his duties. Let us
assume that this is so, and that the cost

of attendance is so small as to be negligi-

ble.

If we divide the total annual cost

(that is £759 10s.) by the number of

lamps, the annual cost per lamp is found
to be £7 lis. 8d., as against £1 9s. 5d.,

when a dynamo machine is used. The
difference is great, but it becomes even
greater when we remember that it is

never possible to completely use the acid

solution.

From what has been said, it will be
gathered that, in a comparatively large

installation such as has been sketched,
primary batteries have little chance of

success ; but for smaller installations, of,

say, ten to twenty lamps, there may, per-

haps, be a field of action open to them.
Few people occupying a house requiring
so few lamps as this would incur the
trouble of a dynamo and engine, although
for health's sake they might not object to

the cost of the light as produced by a
battery.

In what way is it possible to reduce the

cost of electric lighting by galvanic bat-

teries ? It is evident that there are four
ways open : and invention has been ac-

tive in all. In the first place, a cheaper
oxidizable substance than zinc may be
employed ; and in the second, possibly a

cheaper oxidant than sulphuric acid.

Next, contrivances may be adopted by
which the solutions are more completely
exhausted; and lastly, the bye-products
—the substances formed during the ac-

tion of battery—may be utilized in the
arts.

In the first place, as to the oxidizable

substance:—Zinc is almost universally

employed, but lead and iron have been
suggested, and a battery using the latter

substance is now before the public.

Next, as to the oxidant, or, speaking
more generally, the solvent of the positive

element of the cell :—Sulpuric acid has
been replaced, among other substances,

by hydrochloric acid, and the battery em-
ploying this liquid has been introduced
by Mr. Ross.

As to the bye-products, little can be
said, except that the less said the better.

Some promoters of patent batteries make
a great point of the value of the bye-pro-

ducts of their batteries, but, as a matter
of fact, their statements on this point will

seldom bear investigation. A zinc residue

contains a certain percentage of the met-
al in a state of chemical combination,

from which it has to be recovered by a

somewhat costly process, and one hardly
likely to afford any profit to the person
using the battery.

It may be interesting to notice that, in

the Telegraph Department of the Post-

office, no residues are thought worth pre-

serving except the " black mud " (techni-

cally so-called) from the Daniell's, which
contains a very large percentage of pure
copper in the metallic state. Last year

there were 69,323 Daniell cells in use, and
the sum realized by the sale of the year's

"black mud "was £167 14s., or rather

more than a halfpenny per cell per year.

An idea may be formed, from these figures

of the magnitude of the sum likely to re-

sult from the sale of the zinc residues

—

which in the Post-office are thrown away
as worthless—in the case of an ordinary

householder using some ten or twenty
cells.

During the past few years, several bat-
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teries especially designed for use in elec-

tric lighting have been devised ; and the

inventors of the more important have
been good enough to bring their batter-

ies here to-night, or to furnish descrip-

tions of them. These batteries may be
divided into two classes ; those in which
the liquids are kept in motion, and those

in which they are allowed to remain in a

state of quiescence. Of the latter, one of

the most important is that devised by
Messrs. Holmes and Burke. A descrip-

tion which these gentlemen have been
good enough to furnish reads thus :

—

" Each battery of eight cells can be
charged or discharged at two operations,

by means of a system of siphons formed
partly in the substance of the outside

cells. In order to charge the battery it is

only necessary to fill a wooden measuring
vessel with the exact quantity of fluid

necessary to run into the battery, to con-

nect this vessel with the long leg of one
of the siphon systems, and to raise the
vessel to a certain height, when the liquid

immediately distributes itself amongst tbe
cells, and is bound to attain a uniform
height in each of them. To discharge
the battery, it is only necessary to reverse
the process.

"The fumes are collected and sup-
pressed. The porous pots are sealed
into wooden covers, which contain pas-
sages for the escape of fumes. The pas-
sages communicate with one main pipe
formed in the substance of the cells, and
the fumes can thence be led away to the
fume box, where they are either dissolved
or chemically absorbed, according to cir-

cumstances.
" The connections between the cells

are so simple that they never can be cou-
pled up wrongly, and they are placed be-

yond the reach of injury by acids or
fumes. They never require disconnection
when the battery is discharged or re-

charged. They require partial discon-

nection when the plates have to be amal-
gamated, but the latter, when once thor-

oughly amalgamated, hardly ever require
re touching. Plates have been run for

two months without re-amalgamation.
" The depolarizing liquid is cheap and

easily handled. It is made of nitrate of

soda dissolved in solution of sulphuric
acid of a particular strength. It depends
for its action on the formation by the cur-

rent of nitric acid in the porous pot.

The hydrogen entering decomposes the
nitrate of soda by the aid of the acid,

forming sulphate of soda and nitric acid.

The liquid is of very good conductivity,

and as the nitric acid is only formed as it

is wanted, the inconvenience of handling
this very disagreeable acid is avoided.

" The cost of the liquid is only 5£d. to

6d. a gallon. Each gallon furnishes from
750 to 800 ampere-hours of electricity at

an electromotive force of 1.92 volt

—

i.e.,

about 1.536 watts, or very nearly two
hour horse-power.

" The internal resistance of the battery

is very low for a primary cell, and equals
.02 ohm. as nearly as possible."

It may be added that, like the general-

ity of electric lighting batteries, the bat-

teries of Messrs. Holmes and Bourke em-
ploy carbon and zinc as the elements.

The battery which next claims atten-

tion is that of Mr. O. C. D. Boss, of

which a model is on the table. The
chief point of novelty distinguishing it is

the ingenious arrangement for charging
and discharging the depolarizing liquid.

The battery itself is enclosed in a box,

about 1 ft. square by 7 ft. long, which
contains thirteen double cells, the plates

in each of which weigh about 10 lbs. ; the

whole box when charged weighs about 2

cwt. Each cell contains two carbon
plates (formed of ^ in. carbon rods placed

side by side) which are immersed in di-

lute hydrochloric acid mixed with one-

sixth of its bulk of a mysterious com-
pound, called by Mr. Boss '"Eureka," but
which might doubtless be replaced, with-

out materially affecting the action or the

cost of the battery, by nitric acid. The
zinc plates dip into a solution of common
salt, the liquids being kept apart by por-

ous partitions. The mechanical arrange-

ment by which the carbon cells are filled

and emptied is very simple ; a horizontal

pipe connected by flexible tubes to the

bottom of each inner cell is raised or

lowered ; one end is attached by a flexi-

ble tube to a cask of acid, and the other

end is led to a waste tank. When the

horizontal pipe is raised, and communica-
tion with the waste tank cut off, the acid

flows, on turning the tap of the acid

cask, into the inner cells. When spent
liquid is required to be removed, the hor-

izontal pipe is lowered, and the liquid

flows from the cells to the waste tank.

The outer cells are filled with solution of
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salt, in one operation, by pouring the so-

lution into a groove extending the whole
length of the box, and connected by side

passages with the cells.

The Ross battery has been examined
by Dr. Hopkinson, who reports that :

—

" Comparing this battery with others,

a great deal may be said in its favor.

"Its constancy with a large current is

remarkably good.
" The liquids used in the cells are less

expensive than in any battery having any
pretence to constancy.

" Mr. Ross's method of drawing off

arid replenishing the liquid is very con-

venient."

The electromotive force per cell is

stated to be 1.82 volt, and the resistance

0.06 ohm.
Another battery, introduced some time

back, is that known as the "Edeo"or
" Heap " battery. It is a carbon-zinc

couple using bichromate of potash as the

depolarizer, and dilute sulphuric acid as

the excitant. The cells are lined with

lead, and hold each 1-J gallons of the bi-

chromate mixture (which can be pur-

chased ready prepared at Is. per gallon).

The zinc plates are 10 X 6 inches, and
so offer a total surface of 120 square

inches to the action of the acid ; they

weigh 3 lbs. each. The electromotive

force is stated to be 2 volts per cell, and
the resistance 0.2 ohm. The point of

novelty is claimed to lie in the prepara-

tion of the bichromatic solution, the de-

scription of which is best given in the

manufacturers' own words. They are as

follows :

—

"In each lead cell pour six pints of

water, and in each repeat the following

operation

:

" Fill the colander (which is supplied

with the battery), with bichromate of

potash, and hang it in the cell so that the

crystals are just immersed in the water.

Pour about one-fourth of three pounds
of sulphuric acid over the crystals in the

colander slowly, stopping occasionally

when the liquid boils. As fast as the bi-

chromate of potash gets dissolved, add
more, and continue pouring in sulphuric

acid as before, until there are used up for

each cell all of one and a-half pounds of

bichromate of potash, and three pounds
of sulphuric acid. When the liquid is

entirely cool, it is ready for use. . . .

This fluid will last twice as long as the
. fluid ordinarily supplied."

Mr. Heap is good enough to exhibit a
three-cell battery in action to-night.

In the other or circulating class of bat-

teries there is one deserving of notice. It

is the invention of Messrs. Oliphant,
Burr, and Gowan. It is a two-fluid bi-

chromate battery, having zincs coated
with an extremely thin film of gold be-

fore amalgamation. The exciting liquid

is a solution of salts of inercury. The
liquids for the outer jars and inner por-
ous pots are pumped out of separate
tanks into distinct pipes communicating
with the first jar and the first porous
pot. They then rise up siphon pipes
into the adjoining cell, and flow onwards
in this way through the whole series. To
avoid any possible stoppage through
friction in the pipes, it is advisable to

have the first cell half-an-inch higher
than the second, and so on. Thus, in a

series of six cells, the last cell will be
three inches lower than the first. The
last jar and porous pot are connected to

their respective tanks. The tank holding
the bichromate solution is fitted as a

cell, and works a Grisconi or other mo-
tor, which causes two small pumps to

keep the liquids in constant circulation.

The pumps raise two cubic inches of

liquid per stroke, and work at the rate of

thirty strokes per minute. The pumps
are constantly at work day and night,

whether the battery is in use or not.

The effect of gilding the zincs before
amalgamation is, it is stated, to materi-

ally decrease local action.

Many other batteries might be de-

scribed, and it may be interesting to note
that, during the past three years, about
150 patents for improvements in primary
batteries have been applied for in Great
Britain alone.

A question which presents itself in

connection with the problem of economi-
cal lighting by primary batteries is this :

Is it not possible to effect economy in the

lamps—to so improve the lamps that a

given expenditure of energy on the part

of the battery will develop more light in

the lamps than is now obtained ? Yes ;

it is possible. It would be troubling you
too much to enter here into a lengthy
account of the scientific principles which
should guide the designer of the lumin-

ous conductors of incandescent lamps. It
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must suffice to say, that the ideally per-

fect conductor would assume a spherical

form ; its mass would be very small, and
its surface also, and the material of

which it was composed would possess
the power, possessed unfortunately by no
known substance, of enduring without
change for an unlimited time the passage
of a very powerful electric current. Of
all substances hitherto used for incandes-

cing conductors, carbon obtained by the

intense heating of a pure hydro-carbon is

the best. It will give a greater return-

ing light for a given expenditure of

energy, and will withstand the action of

the conductor longer than any other sub-
stance. It will become possible, there-

fore, by its aid to approach more nearly

to the ideally perfect form of luminous
conductor than we should otherwise be
able to. If alsowe can so fashion the in-

timate structure of the carbon, that the
particles already have that arrangement
which they tend to assume under the ac-

tion cf the current, the type of perfection

can be approached even more nearly.

This has been done. In a patent ob-

tained in November, 1882, by Messrs.
Boullon and Soward, in conjunction with
myself, a method was described by which
luminous conductors can be obtained of

pure deposited carbon formed under the
influence of the electric current. By suit-

able means, these conductors can be
obtained of any required degree of

approximation to the theoretically per-
fect form. What thickness they will

ultimately assume it is impossible yet to

say. The shorter and finer they are
made, the greater is the economy, but the
shorter is their life. The thickness at

which the economy in action is just bal-

anced by the increased cost of renewal of

lamps is the practical thickness, but this

can only be determined by lengthy ex-

periments, which are still in progress.
It may be noted in passing that high

resistance luminous conductors—and
they can be made without difficulty with
a resistance of 1,000 ohms and upwards
to the inch—have the great advantage
that they work with a small current,
although they necessarily require a some-
what high electromotive force. This
enables the copper leads to be much thin-
ner, and therefore less expensive, than in
the case of a low resistance luminous
conductor, worked by a large current,
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which is an important point worth bear-

ing in mind. Messrs. Woodhouse and
Rawson have quite recently introduced a

new lamp, which they call their " hair fil-

ament lamp.'' These lamps have an ex-

tremely thin, hair-like filament, whence
their name. No particulars of the

method of manufacturing these filaments

have been published, but it appears that,

like the filaments of my colleagues and
myself, they are made of deposited car-

bon. The method of their preparation is

carefully kept secret, doubtless for fear of

piratical imitations which, although gen-

erally easily detected, are yet often hard
to prove in a court of law. These fila-

ments are stated to be very efficient. It

is said that they will furnish a given

amount of light with less than half the

expenditure of energy necessary to fur-

nish the same amount in an ordinary

thick filament. This is doubtless true

:

the experiments of my colleagues and
myself with our own filaments perfectly

support this statement, and we have had
the opportunity of experimenting with
filaments of much greater length, and
therefore light-giving power, than Messrs.

Woodhouse and Rawson seem to have
had, if a conclusion may be formed from
the lamps before the public.

T""he Recent Danish Armor Plate Trials.—
Rarely have experimental tests of armor

plates been more closely watched, or followed
with greater interest, than those which have
lately been concluded at Amager, near Copen-
hagen. The principal reason for the attention

thus exhibited will, no doubt, be found in the

circumstance that, whereas most naval powers
have definitely settled the question as to the

system of armor to be adopted, the Danish
Admiralty decided not to be governed by for-

eign official reports, but rather to judge for

themselves respecting the merits of the only
principles of armor plate manufacture at present

in use, viz., the French steel plates and the

English compound plates. The question has
now been decided in favor of Wilson's com-
pound armor, and the order for the armor
plates for the Ivar Hvitfeldt has been placed
with Messrs. Caniniell & Co., of Sheffield. This
solution of the question will not surprise those

who have followed the various stages of the

trials as reported in these columns. Yet it must
be acknowledged that the Danish Xaval Com-
mission have had to contend with unusual diffi-

culties in arriving at a conclusion, for it was
known from the first that the Amager trials, in-

stituted as they were, on an independent basis,

would have important results. It is a source of

gratification to us to know that the order has
been placed with an English firm.—Iron.
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THE METROLOGY OF THE GEEAT PYRAMID.
" Who is this that darkeneth counsel by words without knowledge?
Gird now thy loins like a man, for I will demand of thee, and answer thou me.
Where wast "tiiou when the foundations of the Pykamid were laid ?

Declare if thou hast understanding.
Who hath laid the measures of its base, if thou knowest ?—Or who hath lifted the plumb line

against it ?

Whereupon are its socket stones made to sink?—or who hath laid upon it the headstone thereof?
"

Paraphrase of Job xxxviii. 4, 6.

Bt Lieut. C. A. L. TOTTEN.. U. S. Army.

Written for Van Nostrand's Magazine.

The opponents of the theory, that the
Great Pyramid of Gizeh was built as an
intentional exponent of cosmic truths,

have lately had occasion to hail with a

certain degree of satisfaction the advent
of a new literary effort to put their case

upon a more defensible position. In a

reprint from the School of Mines Quar-
terly, entitled, "The Imaginary Metro-
logical System of the Great Pyramid of

Gizeh,"* President Barnard, of Columbia
College, has renewed the attack upon the
Pyramid, somewhat after the manner of

Professor Proctor, and somewhat upon a

line which he considers new, and hence
deems to be a theory of his own. Tak-
ing, however, a similar stand to that
originally occupied by Prof. Proctor, the
greater part of President Barnard's
rhetoric is expended in ridicule and
denial.

But mere ridicule is a dangerous
weapon. While, indeed it is barbed and
pointed, its unbalanced shaft is so utterly

devoid of fledging that the archer can
never be certain what will be the point of

fall to its erratic trajectory. The half-

made arrow may return upon the very
one who gives the wing to its uncertain
flight. Nor is mere denial a potent
weapon of defence in an argument of

such magnitude as the one which now
surrounds the subject of the Great Pyra-
mid. Not only is it an unscientific meth-
od, for it will not turn a standing beam,
but it is beneath the dignity of those
who enter into a public debate upon a
scientific subject. We broadly claim that

the unsupported employment of these
two weapons—ridicule and denial—in the
discussion of a subject of such magnitude
as that which deals with the origin and
object of the Great Pyramid, is equiva-

* Reviewed briefly in the August No., p. 174.

lent to relying upon a pointless stick as

a weapon of offence, and upon a paper
circus hoop as shield against riposte.

The argument has long ago been lifted

from the dust of such an arena, and de-

mands the skill of trained and well-equip-

ped contestants.

That the subject is really one of mag-
nitude, of scientific import, and of vast

and growing interest, is borne out suffi-

ciently by the fact, that it has begotten
such a controversy as it has, that such a

host of opponents are hurrying into

print, and that now, not a year passes

in which each side of the controversy

does not swell its teeming library. It is

not a little strange, too, that the mystery
of the subject increases under the pen-
manship of every one who writes a book
upon it. Prof. Proctor's hostility to what
he opprobriously termed the "Religious

Theory," led him to the attack. Convinced
at last of the weakness of mere ridicule,

and awakened to much of the undoubted
scientific teaching of the monument, he
was forced to offer some explanation for

facts monumentalized therein too boldly

to be simply the results of accident and
coincidence. Hence he propounded a

theory of his own, and named it an " As-
trologic Theory." The fact is, one can-

not devote himself to this topic without

at last being convinced of the certainty

of Promethean design in all its lines and
proportions. Hence, if unwilling to

adopt theories already advanced, or if

committed, as President Barnard un-

doubtedly is, in being also the President

of the French Metrical Bureau, to a new-
fangled metrology, to which the Pyramid
theory is inimical, the only resort for

those who come to the topic, and at

length become absorbed by it, is to pro-

pound a new theory of their own. This,
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as just remarked, is exactly the case of
President Barnard. Unwilling to accept

openly, even the purely scientific theory

of the monument—a theory which Petrie

himself does not dispute—he states that

if the Pyramid is really " a n Pyramid,
as it undoubtedly is, it is so by ac-

cident.''' So, too, throughout his discus-

sion of the monument, every cosmic fact

or ratio which we meet is declared to be
an accident. Nevertheless, waxing warm
at length in his subject, even the Presi-

dent of the Metric Bureau cannot resist

the tendency to theorize, even if it only

be in ridicule, and so he propounds a
" Lunar theory connected with the wor-

ship of Isis."

Unfortunately for our estimate of

President Barnard's information upon
pyramid matters, he proposes this theory

sarcastically, and in utter ignorance of

the fact that the whole ground he en-

deavors to ridicule has long ago been
covered in sober earnest by Joseph Bax-
endeh, F. K. A.. S. Mr. Baxendell, an
able astronomer, and a firm believer in

the ideas of Prof. Smyth, long ago
noticed all of the lunar references of the

Great Pyramid alluded to by President

Barnard as his own discoveries, and they
have been familiar matters for years to

all well-informed pyramid students. In-

deed President Barnard might have
found these lunar relations set forth at

length in Mr. Proctor's volume of the

Pyramid's solution, a volume which he
certainly has no excuse for not having
consulted.

The President does not, however, pro-

pose his theory in good faith, but in a

spirit of sarcasm and innuendo. He puts
it forth merely as moonshine " for the

lunatics," who are bathed in pyramid
fantasies, to walk in. He says he does
so in the magnanimous hope that in thus
ridiculing the whole subject he may at

length "induce some of his fellowmen
to apply a little common sense to the
study of a subject which has been here-

tofore involved in an elaborate web of

ingeniously contrived mysticism."
We do not intend to review this effort

of President Barnard at any great length,

simply because to answer all of his head-
ings would require a volume much larger

than his own. Life itself is far too short
to be spent in attempting to set right
every pedestrian, who is recklessly astray

upon a road where careful surveyors have
already erected numberless and sufficient •

guide posts.

Those familiar with the dignity and
scope of this topic cannot but arise from
the perusal of President Barnard's paper
with a feeling of dissatisfaction that, after

all, he has introduced into the "Battle of

the Standards " no new forces, and in real-

ity has failed to rally even those already

put to flight. The whole argument of

design based upon the exquisite harmony
of the monument, a harmony which per-

vades and connects each chamber and
passage with every other, has no weight
whatever with President Barnard. It

I

has either escaped him entirely, or else,

having no explanation for coincidence, so

\

consummate as to be mathematically be-

yond the realm of chance, he has pur-

posely avoided its discussion.

But this harmony is the prime motor
of the mental process by which the
mind of a candid man is always com-
pelled to recognize design and continuity.

Once convinced of the nature of the

facts actually built into this monument,
one might as well doubt it as an architec-

tural reality, as to question the cosmic in-

tentions of its builder in its due and inti-

mately related proportions. Did the evo-

lution theory of the School of Science, to

which President Barnard belongs, rest

upon facts as clearly made out as are those
built by human hands into this wonder-
fully proportioned building, there would
be no defensible ground for its rejection.

But the very scholars who are loath to

accept even human intention in the plan-

ning of the Gizeh monument, argue de-

votedly in favor of the evolution theory,

based upon premises of the same kind,

though infinitely less convincing. Their
ways are thus not equal. Even Mr. Petrie

and Mr. Proctor are forced to admit that

an unique system of structure runs
throughout this monument, while it is

only in a spirit of sarcasm that President
Barnard ever does so.

In his discussion of the subject each
claim of the believers in cosmic design
receives a separate examination, and at

the doctor's hands is made to appear
somewhat out of gear, or to be slightly

at variance with modern scientific esti-

mates of the things monumentalized. It

is as if one denied the existence of a

chain, or claimed that its continuity was
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a matter of mere chance, because its sev-

eral links were somewhat worn, or bent
with age, and with misuse.

To those who may Lave an opportu-

nity, and who are willing to examine both
sides of this matter for themselves, it will

be apparent that President Barnard has

by no means weakened the chain of evi-

dence in thus pointing out, here and
there, a link misshaped. For besides the

argument of continuity, which he does
not at all dispute, nor even allude to,

there always remains the fact that

modern science itself does not certainly

know the exact value of any cosmic truth,

by means of which President Barnard
can pretend to pronounce unerring judg-

ment upon the absolute accuracy of the

Pyramid. Nor will the fair mind, bent
upon reaching the truth of this monu-
ment, ever lose sight of the still more
astonishing fact that every new and mod-
ern calculation of these cosmic data re-

sults in a closer approximation to those

actually built 4,000 years ago into the

monument.
Throughout his book, President Bar-

nard loses no opportunity of frequently

reiterating the statement that these an-

cient peoples could have had no means of

determining these facts by actual calcula-

tion. He also denies that they knew or

even used them in their daily life. To
have possessed them would have made
them " modern " in every sense of the

word, and to have had them and not have
used them is preposterous. This, too, is

exactly what the Pyramid students them-
selves claim. It is their fundamental
premise ; it is, in fact, the very one of all

others upon which the conclusion that

the architect wrought wiser than he
knew, was inspired—must have been in-

spired—is firmly founded. For the facts

are there, harmoniously disposed, and al-

ways occupying middle ground between
the extremes of the best modern esti-

mates, and as these estimates converge,

upon recalculation they always have the
pyramid values round about their mean.
Moreover, this pyramid value is always
found to be a true " mathematical func-

tion," dependent upon the " problem of

the three bodies," and resulting from its

proper discussion. They were not known
as facts of practical value, or of cosmic
import to the world in the day which
saw the pyramid erected. The very n

value is only of modern discovery, and
could not have been known to the an-
cients, yet it is laid out architecturally

an hundred times throughout the monu-
ment. Was this chance? The modern
doctrine of chances replies to us that

the odds against a successive coincidence
so astounding are in the ratio of one
hundred raised to the hundredth power
to one. This is unity followed by 102
ciphers, a number past conception, in-

deed it is a number which is upon the

very verge of our utmost powers of

enumeration. And yet the n values and
harmonies of this monument are few in

number compared with the myriad of

others linked to them, that reflect and
multiply throughout the structure the

fondamental facts of every human science

known.
Let us examine, for instance, a single

one of the links which President Barnard
claims is bent, and which he therefore

would have us believe is not a link, and
hence that the chain of evidence is not a

chain at all. We can examine any one of

them, but as modern science has perhaps
studied the Sun Distance with greater

care, and at far greater expense than any
other question yve will select it.

President Barnard argues upon the

Pyramid's reference to this distance, as

follows

:

" The article of the Pyramid faith which
presents itself for examination next in

order is the proposition that the height

of the Pyramid is exactly one one thou-

sand millionth part of the mean distance

of the earth from the sun. Inasmuch as

we do not know the exact mean distance

of the earth from the sun, it is impossible

to subject this statement to the test of a

rigorous comparison ; but inasmuch as

the builders of the Pyramid knew in all

probability a great deal less about the

matter than we do, it is next to impos-

sible that the proposition should be true.

Supposing it, however, for the sake of

argument, to be true, the fact may be ac-

counted for on either of two hypotheses
—it is true accidentally, or it is true in-

tentionally. Against the first of these

hypotheses, the probabilities are in the

proportion of infinity to zero ; and this

alternative, moreover, would be rejected

with scorn by the disciples of the pyra-

mid religion. But that the fact may be
true in the intention of the builders, as
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asserted, we must assume for them a

knowledge which we have no reason to

suppose them to have possessed. This
slight difficulty the true believers dispose

of summarily, by taking it for granted
that their human ignorance was illu-

minated by direct inspiration from on
high. The orthodox doctrine on the

subject, therefore, is that the true dis-

tance of the sun was miraculously made
known to the 'Pyramid architects, and
therefore that the height of the structure

itself was made, not pretty nearly but, ex-

actly the one-thousand millionth part of

that distance.

Now what are the facts on which this

extraordinary assertion rests? Simply
these : In 1867, Mr. William Petrie, hav-

ing satisfied himself that the perimeter
of the base of the pyramid ' has been
proved to symbolize a year, or the earth's

annual revolution around the sun,' and,

further, ' that the radius of that typical

circle had also been shown to be the an-

cient vertical height of the Great Pyra-
mid, the most important and unique line

which can be drawn within the whole
edifice,' was moved by these weighty
considerations to conclude that the same
line ' must represent also the radius of
the earth's mean orbit round the sun : and
in the peoportion of 1 : 10

9

, : or 1 : 1,000,-

000,000 : because, among other reasons,

10 : 9 is practically the shape of the Great
Pyramid. For this building' he pro-

ceeds, 'notwithstanding, or rather by
virtue of, its angle at the sides, has prac-

tically and necessarily such another angle
at the corners, that for every ten units

its structure advances inward on the

diagonal of the base, it practically rises

upward, or points to sunshine by nine.

Nine, too, out of the ten characteristic

parts (viz., five angles and five sides) be-

ing the number of those parts which the
sun shines on, in such a shaped pyramid
in such a latitude near the equator, out
of a high sky.'

(
Our inheritance in the

Great Pyramid, Edition of 1874, p. 48.)

This is the logic, and the whole of the
logic, on the basis of which a fact is as-

asserted which, to plain human reason
and simple common sense, is so gro-

tesquely improbable, that its possibility

can only be defended by clothing it with
the character of miracle. The true be-

lievers have not failed, accordingly, to be
affected by a sort of painful misgiving

lest this a priori argument should be
found unsatisfactory to a skeptical world.

They have therefore sought for a confir-

mation of their hypothesis in comparing
the result furnished by it with those de-

duced from the most recent investiga-

tions of the solar parallax.

Since early in this century the mean
distance of the sun has been generally

taken to be about 95,000,000 miles. This
value has been obtained from the paral-

lax as computed by Encke at Altona, in

1822, with data derived from the transit

of Venus of 1769 ; a parallax which he
found to be 8 ".5776, giving for distance

95,454,000 British statute miles. In

1857, Prof. Airy proposed a new method
for determining planetary distances,

founded on displacements of Mars in

right ascension, as observed morning and
evening from a single station, when in

opposition at its nearest approach to the
earth. This method was applied in 1862,

by observations made at Victoria, New
South Wales, and by others made at the
Royal Observatory, Greenwich, during
the opposition of Mars in that year ; and
the results, as computed at Greenwich,
gave a parallax of 8". 932, and a distance

of 91,551,000 miles. In the meantime,
Leverrier at Paris announced (in 1861)
that in order to reconcile discrepancies

in the theories of Venus, the earth and
Mars, it was necessary to assume a paral-

lax approaching perhaps 8".95. Erom
this is obtained a solar distance of 91,-

357,000 miles. Chambers (Astronomy p.

3) assumes as a probable value of the
parallax 8".94, which gives 91,465,000 as

the distance. On the other hand, Prof.

Newcomb, in his Popular Astronomy
says :

' It would appear that the solar

parallax must lie between pretty narrow
limits, probably between 8".81and 8".S6 ;

and that the distance of the sun in miles

lies between 92,200,000 and 92.700.000

miles.' Furthermore, Prof. Young in his

recent book on the sun, remarks :
' It

would seem that the solar parallax cannot
differ much from 8".80, though it may be
as much as 0''.02 greater or smaller ; this

would correspond to a distance of 92,-

885,000 miles.'

Besides the astronomical methods, of

which there are others not here noticed,

there is one of great scientific interest

dependent on the velocity of light. The
time required for a luminous impulse to
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reach the earth from the siui is known
within about a second or less, so that if

we can ascertain how far light travels in

a single second, we are possessed of all

the data necessary to secure a very close

determination of the distance of the sun.

Independent methods for the experiment-

al solution of this problem were devised

some years ago by Messrs. Fizeau and
Foucault, of Paris ; and one of the other

of these methods has been repeated by
M. Cornu in France, and by Lieut.

Michelson of the U. S. Navy Academy at

Annapolis. The results obtained by the

experimenter last named, are regarded as

very closely approaching the exact truth.

They give 299,900 kilometers as the ve-

locity of light per second ; and as light

is 498 seconds in coming to us from the

sun, we find the solar distance to be 149,-

350,000 kilometers, equal to 92,803,464,

miles. This nearly corresponds to a

parallax of 8".81 which would give a

distance of 92,876,000 miles.

Now the distance of the sun as worked
out on the Pyramid theory is 91,837,000
miles. This is in the neighborhood of

some of the astronomical determinations.

It exceeds the lowest of them, and falls

short of the highest. Prof. Smyth ac-

cordingly jumps, in this case as in many
others in which a favorite quantity of his

falls somewhere among several of the

same class, directly to the conclusion that

because his quantity is neither the small-

est nor the largest, therefore it is the

true one. But if we consider the judg-
ments of astronomers as to these various

determinations, we shall see that the in-

ferior ones have no standing with them
at all. Newcomb, our highest authority in

this country upon physical astronomy,
places the probable distance at about
92,500,000 miles, and Young puts it as

high as 92,885,000; while the experi-

ments on the velocity of light, which are

esteemed to furnish the result most
worthy of confidence, give a result al-

most identical with the estimate of Prof.

Young. The Pyramid distance is, there-

fore, only about a million of miles too
short ; while, probably, the uncertainty

which still attaches to scientific deduc-
tions is not so great as half a million.

But there is another consideration
which is quite conclusive as to the ques-
tion now under discussion. The pyramid
is said to be, and appears to be really, a

re pyramid. But in a n pyramid the

height is equal to the perimeter of the
base divided by 2 n. In such a pyramid,
when the base is given, the height is

unalterably fixed, and cannot have a value

assigned to it at the caprice of the con-

structor. Now it is a doctrine vital to

the pyramid religion that the side of the

base shall contain the sacred cubit of the

Hebrews as many times exactly as there

are days, integral and fractional, in the
tropical year. The height must, there-

fore, be that which this supposition de-

mands, and it can be neither more nor
less. On the other hand, if the height

had been arbitrarily fixed at one one-

thousand millionth part of the earth's

mean distance from the sun, the side of

the base must have had a value such as

this hypothesis requires ; and could not
have been determined by the cubit and
the number of days in the year. It ex-

ceeds all the bounds of credibility, it ex-

ceeds all the powers of credulity, to sup-

pose that two such entirely independent
and inconsistent schemes of construction

should prove to be harmonious in their

practical results. Such a coincidence is

indeed physically possible, but the chance

in favor of the possibility is less than one
to some millions of infinities."

Thus reasons President Barnard. The
question for discussion is therefore the

Sun Distance, as monumentalized by the

grand gnomon which stands upon the

center and the border of the land of Ham.
It has been claimed by Pyramid stu-

dents, for 30 years, that the vertical

height of this monument bears a direct

reference to this sun distance, that the

circumference described by this height as

a radius is not only equal to the square

perimeter of the fundamental base, but

that the length of this circumference or

the square base contains as many times

100 axial inches, (i. e., 500 millionths of

the earth's polar axis) as there are days
in the year. If this is so, then it is not

only a proof of cosmic design, but one
that is most appropriately built into the

very parts of the monument, where, by
the relations of the three things typified,

and the form of the Pyramid itself, it

naturally belongs.

If, however, President Barnard's sar-

castic conclusion is correct, our link

is more than bent ; it is broken, and
the chain of evidence a disconnected
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one. But we unhesitatingly reply that

this conclusion is absolutely erroneous,

and we propose to show it upon his own
ground. Let us quote it again and then

we will be better able to discuss it. It is

as follows

:

"The Pyramid distance is therefore

only about a million of miles too short

;

while probably the uncertainty which still

attaches to scientific deductions is not so

great as half a million."

Several things are here to be noted. In

the first place there is the broad admis-

sion that even modern science rises from
its most carefully studied problem, and
from one upon which all the modern civil-

ized nations have repeatedly united, spar-

ing no expense, still doubtful by perhaps
half a million of miles. This best modern
deduction places the probable distance at

about 92,500,000 British miles, with a

probable increment of some thousands,

if Professor Young's experiments upon
light are fundamentally correct. We shall

therefore accept this "best modern esti-

mate " as to the sun's distance, convinced
that a problem so faithfully and expens-

ively studied, cannot have been solved

with an error that shall ever hereafter

cause the result to vary very considerably

from 92,500,000 miles.

What now is the Pyramid sun distance!

President Barnard is seriously in error in

making it out to be the height multiplied

by 10 raised to the 9th power. He
quotes, it is true, Prof. Smyth as his

authority, but Prof. Smyth qualifies

this statement in that he expressly

says that 9 on 10 is only "practically '

the shape of the Great Pyramid.
That is, not absolutely ; 9 on 10 is an ap-
proximation. It is a wonderfully close

and practical approximation, too, and it

is one that is nearer the absolute truth
than modern science is certain of the dis-

tance under discussion, by President Bar-
nard's own admission. For the 9 on 10
theory of the slope places the sun distance

at 91,840,011 miles, while that arrived at

by modern science after all of its labors

is really doubtful after its very first fig-

ures.

Now if the Pyramid is a 7T—-Pyramid,
as President Barnard admits " it undoubt-
edly is," it cannot be an exact 9 on 10
Pyramid. The question is therefore to de-

termine exactly—I speak mathematically
—what is the slope of the monument up

the arris or hip lines, as they climb, from
the fundamental, southeast, socket up t o-

wards the vertex of the cap-stone %

This slope is accurately expressed by
the ratio.

Slope of a 7r-Pyramid= on 10
7t

or carrying the calculations out to 14
places of figures, it is 9.0031631615711 +
on 10.

This slope is so very close to the far

more simple one, expressed in whole num-
bers, to wit ; 9 on 10, that in common par-

lance the latter is generally used instead of

the more cumbersome though absolutely

exact decimal ratio. Either President
Barnard knew this, or he did not. To
say that he knew it would make him out

as unfair in argument and scientific in-

vestigation, as upon page 22 he implies

that Prof. Smyth has been. To say he
did not know it is to point out that he
has failed to comprehend the nature of

the very question he is, with ex-cathedral

vehemence, endeavoring to criticise.

Lest it may here be objected that the
defining of a pyramid by its slope up the

arris line, rather than directly up its face,

is a fanciful method, and one without
authority, it is to be noticed, that, as the

latest measurer, Mr. Petrie, admits, " the

designs of the various slopes that are met
with, appear to be always a simple rela-

tion of the vertical and horizontal dis-

tance." It is in this very way that the Egyp-
tian hieroglyphics themselves define them.
For Ahmes, in his mathematical papyrus,
defines pyramids by their "sloping height
up the arris edge, and their diagonal of
the base beneath that line " (Petrie) : So
that the natural and Egyptian method of

stating a slopes—a, question which bears

so strongly on the whole planning of the

pyramid—is to say that it is built by the

20 a/2
on 10, template.

This, it will be noticed, increases the 9

on 10 approximation, by somewhat more
than the :003th power, and gives us a

function without errA\ and one to which
President Barnard dare not advance an
objection. With this expression for the

slope the Pyramid sun distance (S) there-

fore becomes
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20 a/2

S=H(l0) , in which H is the height

of the Pyramid.
Mr. Petrie is the latest measurer at

Gizeh, and a disbeliever in most of the

Pyramid theories. But, so far from over-

turning the cosmic theory of the Great
Pyramid, as enunciated by Prof. Smyth,
Mr. Flinders Petrie's work has magnifi-

cently endorsed it. His measurements
of this building are throughout so nearly

identical with those of Prof. Smyth
that they prove the entire honesty of

the latter, and fully corroborate all

the ratios which he and Taylor origin-

ally noted. It was the elder Petrie, his

father, who first advanced this sun dis-

tance reference. It is not a little strange,

therefore, that the son by his measure-
ments should unwittingly and yet so thor-

oughly support his father's theory, in

which he does not believe. The very
valuable work which details Petrie's

labors at Gizeh should be in the hands of

every one now engaged upon the solution

of this engrossing problem. Especially

should the opponents of the cosmic theory

read and study it more closely than their

own writings show they do. Now the

careful measurements of Mr. Petrie en-

able us to determine the ancient height of

the Pyramid from the floor level of the

southeast or lowest socket, to the summit
of its very capstone. He gives the data

as foUows

:

From vertex to pavement level=5776".0±7".0
" pavement to s e. socket level= 39 .9

.-. Petrie's height over all =5815 .9±7'.0

That is, it is practically 5816''. with a pos-

sible seven inches of doubt in either the
positive or negative direction.*

Now if we add less than one half of the

margin of error, actually here allowed by
Mr. Petrie, to his own height of this

ancient monument,we shall obtain the very
height always claimed for the monument
by maintainers of the cosmic theory. The

* Mr. Petrie's measure has thus admittedly a possi-
ble error of ±7".0. Upon page 15 of the introduction
he says : "The probable error of all important meas-
urements is stated with the sign ± prefixed to it as
usual" . . . And further on he says, "and I will
only add a short definition of it as follows : The prob-
able error is an amount on each side of the stated
mean, within the limits of which there is as much
chance of the truth lying as beyond it."
With these statements, which show the accuracy

with which Mr. Petrie accomplished and records his
splendid measurements, we are ready to continue our
examination of the subject.

height claimed by them is 5818".62 +
British inches, which is equal to 5813.01 +
Pyramid inches. Each of the latter is-

.001 ±, greater than the present British

inch, and is an even 500 millionth of the
earth's polar axis.

Expressed accurately by a circular and
circummetric function, and for such a
7r-Pyramid this height is

H= 18aA=32400:
=5818 „ 622870 +

\f-7i K^Jn

in which A is the "analytical unit"
(57.29° + )

Let us now treat this height, which
from its possibility of exact mathematical
expression is absolutely without error, by
the equally absolute arris slope of the
Pyramid just determined. The function

for the sun distance will then be ac-

curately as follows

:

20\/2

S=H(10)"
32400" 20^2

^aAH10
)

= (5818
/,
.622870 + )

(I0)9.003i63i6i57ii+

but (10) 9.00316316157H+ equais the number
whose common modern logarithm is

9.0031631615711 +
since the logarithm of 10 is 1. Thence
taking the common logarithm of H and
adding it to this logarithm we shall have
the logarithm of the required height in

inches.

Thus,

Log. H= 3.76482020126540135818107
20 4-2-

" (10) »= 9.0031631615711 +

Log. S= 12.7679833628365
.-. S= 5861157 "

= 92,505,634..* miles!

This remarkable result, which tallies so
closely with Prof. Newcomb's estimated

"probable sun distance" (92,500,000.

±

miles), as quoted so sarcastically by Presi-

dent Barnard against the mistaken 9 on
10 approximation, is calculated to ham-
mer at least one link of the chain of evi-

dence into perfect shape upon the anvil

of every candidjudgment. Nor is there

a single one of the points of real pyra-

midal significance, which have thus again

* The number corresponding to the logarithm of the
result has only been calculated to the seventh figure
of the inches, because of the difficulty attending the
process. It is calculated far enough however to avoid
error greater than unity in the miles.
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been disputed and put into controversy

by President Barnard that will not yield to

the sledge-hammer of mathematical truth,

in this same manner !

It is apparent that the above argument
would not be affected in the least by the

most extreme refinement of computation.

For an error of 200 feet in the earth's

polar semi-axis represents 1000 miles or

so in the sun's distance, and an uncertain-

ty of a second in the parallax involves

about 100,000 miles therein. The pyra-

mid pronounces in favor of a solar paral-

lax of 5"V^= 8-"86226925 + , a number
which is ten times the well-known " con-

stant " used for obtaining the equality of

squares and circles. This is exhaustively

shown by Mr. Chas. Latimer, C. E., in the

March (1883) number of the International

Standard, where he also points out the

fact that the base of the Pyramid

= 100
8100"81"

\^7t .886226925
= 9139"8712581

Now it is a remarkable fact, perhaps
more remarkable than any we have yet

considered, that the height by which we
have just determined the true sun dis-

tance, demands for the perimeter of the

square indicated by the level of the south-

east, or fundamental socket of the pyra-

mid, a measure of exactly

4x (9139".8712581 + ) =36559."4850324

(Brit, in.)—a distance which reduced to

pyramidal inches, or to 500 millionths of

the polar axis, is the year number
(365.2422) x 100.

This number, 9139"8712581 + , has al-

ways been claimed by modern "pyramid
students " as the actual fundamental base
side indicated by the Pyramid. It is now
proved to be so by Mr. Petrie's splendid

measurements, and is shown above to be a

true circular and circummetric function*

The latest measurer at Gizeh, Mr. Flinders

Petrie, claims, however, that the true

base of the Pyramid is but 9068.8", in

which connection it has been lately re-

marked; "it had been a fundamental
article in the Pyramid religion that the

base should measure just 9140 British

inches, and as it proved to measure only

9068.8, that with this determination, the
beautiful union of the sacred cubit (25.")

and the length of the tropical year

(365.242) melts away into thin air.''

But this by no means follows when we

get at the true facts of the case. Mr.
Petrie's base (9068.8 inches) is that of the

Pyramid measured horizontally along the

upper surface of the pavement which
surrounded it. It is not that of the funda-

mental square indicated by its lowest or

south-east socket level. For reasons of
his own, Mr. Petrie has assumed the

pavement base as the real one to be
studied. It was no doubt set out with
most beautiful skill, and with a manifest
object as to length. But it is the funda-
mental square that pyramid students have
always maintained as of tropical year sig-

nificance, and the total height of the

monument from this fundamental level

up to the vertex of its capstone as of

solar distance import.

Upon page 38 of his "Pyramids and
Temples of Gizeh,'' Mr. Petrie admits
that " the sockets were cut to receive the

sloping face, which was continued right

down to their floors beneath the pave-
ment.'

1
'

. . .
" Hence the sockets shorn

the size of the Pyramid lohere it was
started from varying levels, which were
all tender the pavement."

Mr. Petrie further gives as the measure
of the sloping line from the south-east

socket up to the north-east socket, the

length 9130.8" ±(?). Pyramid students
find that rigid mathematics demand 9131"-

.05-1 a difference of less than .3"! Now
365.242 x 25 (that is the year number by
that (25) of the "sacred cubit:") =9131"-
.05. Hence this sloping line from the

fundamental socket to the one next to itT

expresses the required cosmic ratio in pure
and simple figures. As it is a sloping

line its mathematical significance is that

of ratio, a fact which should not be lost

sight of in this discussion.

Again, the sloping line being 9131". 05,

the horizontal one from the south-east-

socket to the arris line produced through
the north-east socket

—

i. e., the base side

of the fundamental square— is exactly

9l39".87 + inches, or is the functional val-

ue demanded by pyramid students, and
thus again proved by Mr. Petrie's meas-
ure.

Against the possibility of such a coin-

cidence President Barnard claims, in the

closing paragraph of his argument, that

the chances are more than "some millions

of infinities to one!' Yet here it is Pres-
ident Barnard, along-side of the true sun
distance, linked to the true solar parallax.
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and linked to each, in a cosmic monu-
ment, by the actual and modern n value,

which was unknown and unused by the

ancients. The question therefore for the

candid and unbiassed man to answer, is,

whether he will stultify himself at the

mandate of such investigators as have yet

arrayed themselves against the cosmic

theory, or admit the monument to be a

wonder past the ken of human intellect.

While I am willing to admit that there

is much mistaken enthusiasm displayed

by pyramid students in their engrossing

study, it is nevertheless a fact that the

study of this monument is opening up
the whole topic of Metrology in a way
that sets it before the world as the veri-

table science of sciences. Its students

now include some of the most earnest

men of both Church and State, and their

investigations have long since raised the
" Solution of the Pyramid Problem " far

above the discussion of mere coincidence.

Mathematically speaking, there are no
such things as "coincidences.'' In this

rigid science "what is must be," and the

deeper we examine the Great Pyramid
the more our conviction grows that it is

a consummate exponent of universal sci-

ence, or Metrology.
Mr. Barnard finally concludes that while

it is "indeed physically possible, that

two," and we might add that several,
" such entirely independent and inconsist-

ent schemes of construction should prove
to be harmonious in their practical re-

sults," still it would " exceed all the

bounds of credibility, and exceed all the

powers of credulity" if they should.prove

so. But they do prove so, hence as facts

they are credible, hence too they being
facts so physically beyond the range of

accident, our credulity must cease, and in

its place give room to honest conviction

of magnificent design and, if it be not
possible that such should be of human ori-

gin, then we must yield to our convictions

and admit the overruling guidance of a

hand that wrought far wiser at the Pyra-
mid than the architect himself. If Presi-

dent Barnard and his school decline to

accept this alternative, and we challenge

them to dispute it, then they must gorge
themselves with "several millions of in-

finities " in the presence of all right-mind-

ed men, and in a state of torpor digest

their unwholesome and dyspeptic morsel.

To what purpose therefore shall we
further discuss phases of this controversy

that have long since been worn out. If

the opponents of the cosmic theory have
any new facts, to relate, which militate

against the premises we base our faith

upon, we ask them in the interests of

science to show them forth. All search-

ers after truth desire to know them, but
until they have, it is far better not to dip

their pens in simple ridicule and innu-

endo, and attempt to wreck a Pyramid,
against whose huge proportions few minds
can measure themselves with any great

advantage.

THE DEFECTS OF STEAM BOILERS AND THEIR REMEDY.
By Me. A. C. ENGERT.

From "Iron."

Steam boilers are used as a medium to

convey heat, or the accumulated force

produced thereby, to an engine for the

purpose of moving machinery to do cer-

tain work. The heat rises from the

burning fuel within the boiler furnace,

and penetrates the metal to heat the

water in the boiler to 212° F. so as to

form steam ; but before its actual forma-

tion 966° F. has to be absorbed. Steam
has no power to move a piston at such a

low temperature, therefore more heat is

required to produce the necessary force,

and the higher the degree of heat con-

tained in the water and steam, the more
pressure will the steam exert on the pis-

ton when allowed to enter the cylinder.

It is of the utmost importance to have

perfect combustion, so that the whole of

the heat may enter the water in the

boiler. For this purpose various shapes

and forms of boilers have been invented,

but the Cornish and Lancashire types

are found the most convenient for gene-

ral purposes. Now. 1 lbs. of good coal is

capable of evaporating 15 lbs. of water,
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but these boilers are only capable of

evaporating one-third or at the best one-

half of-the quantity of water they should
do in proportion to the fuel consumed
(which is far too small a proportion), ow-
ing to the flame and heat wave rushing
through the flues too quickly for the heat

to thoroughly penetrate the metal. Im-
provements have, therefore, been intro-

. duced, such as Galloway and other cross

tubes, in the Cornish and Lancashire
boilers, which have proved to be very
advantageous in saving fuel, so long as

they are kept clean. But even with
these improvements the average evapora-

tion is not much more than half that

which theory shows it should be owing
to incrustation. This evil of incrustation,

together with unequal expansion and
contraction, and the corrosion in boilers,

are hindrances which ought to be re-

moved. In the author's opinion several

of these evils are due to the construction
of Cornish and Lancashire boilers. For
instance, the ashpit, which is used to

convey air to the burning fuel in the
furnace, allows cold air to enter which
keeps the bottom part of the boiler cool,

and stays the circulation of the water
within. If warm water even be fed into

the boiler a part of the heat is again lost

from the above cause, and the heat sup-
plied to the bottom of the boiler is also

partly lost, so that the lower part of the
boiler is almost entirely useless for

forming steam. Another trouble arising

out of this evil is the unequal expansion
of some of the plates. The top part of

the boiler being hot and the bottom cool,

causes great strain at various seams, as

the expansion and contraction are con-

tinually affected by the varied draught
or temperature, often loosening rivets

and causing leakage, and endangering
life and property. Another bad feature
in this description of boiler is that the
bottom of the flue and the shell being
very close together it is hardly possible

to clean those parts properly. This is of

great importance, as on that particular

part the most settlement takes place,

the water being there almost station-

ary.

Among the general evils to which
boilers are subject, incrustation is one of

the principal, because all waters contain
certain impurities which settle in the
boiler, as the heat cannot dissolve nor

drive them off with the steam. These
settlements remain generally where the
steam is formed, and get baked into a
hard scale on the plates, but mostly on
the crown of the flues and conical tubes.

As this scale is a non-conductor of heat, it

requires 15 per cent, more coal when the
scale is only one-sixteenth of an inch
thick ; and when it is a quarter of an
inch thick, 60 per cent, more coal is re-

quired. It is not only the coal which
is thereby wasted, but the water is kept
away from the boiler-plates, which be-

come overheated, and eventually have
holes burnt in them. To prevent incrus-

tation, various solutions and many other

remedies have been tried. The author
desires to draw attention to the remedy
which the chairman of the Manchester
Steam Users' Association has recommend-
ed. This consists in putting 3 lbs. of

soda ash every day in the feed water of

a 50 horse-power boiler, and to frequently

blow off. Besides this, he recommends
the Porter-Clarke process, which consists

in putting lime water into the feed

water, which throws down all the car-

bonates, and the water is then filtered

and ready to be pumped into the boiler.

Still, this process does not touch the

sulphates.

Another trouble with boilers is the

formation of smoke and the loss of un-

consumed gases. In reference to this,

the author had the honor, in June 1881,

to read a paper before this society " On
the Prevention of Smoke "; he also sent

a letter to the editor of Iron (which was
published in that paper for December 21,

1883) entitled " The Cause of Smoke,"
of which the public has never been in-

formed. A few points therein may,
perhaps, be restated here, as some of the

younger members of the profession may
have thought the subject too unimportant
to be enquired into. The author wrote
as follows :

" When fresh coals are placed

on the fire in an open fire grate smoke
rises directly. The cause of this smoke
is not very far to seek, as it will be easily

understood that before the fresh coals

were put upon the fire within the grate,

the glowing coals radiated their heat and
warmed the air above, and thereby
enabled the rising gases at once to com-
bine with the warmed air to produce
combustion, but since the fresh coals are

placed upon the fire these coals absorb
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the heat, and the air above remains cold.

The fact is that these volatile rising gases
cannot combine with the cold ah for

combustion, still a combination does take

place in the following way : The cold air

in the act of combination absorbs a part

of the warmth of the rising gases which
they cannot spare, and therefore they
(the gases) must condense, so much so

that small particles are formed, which
aggregate, and are called smoke, and
when collected form soot ; but so long as

these particles or gases are floating they
cannot burn or produce combustion. Of
course the invisible hydrogen gas rising

from the coals with the smoke would
burn easily enough, but it must be first

lit before it can burn.'' The above
sentences only refer to open fire grates ;

in furnaces smoke and waste of gases
may be caused by too small a quantity
of ah, so that there is not enough oxy-
gen to satisfy the rising gases, or there

may be too much air, which, whilst pass-

ing through the furnace, absorbs heat
and thereby impoverishes the combustion.
In the paper on the prevention of smoke,
read before this society, the author ex-

pressed a strong opinion that smoke once
formed could not be consumed, and gave
his reason, and he finds the following in

a work frequently consulted by boiler

makers: "We see, then, how palpably
erroneous is the idea that smoke once
formed can be consumed in the same
furnace in which it is generated, and how
irreconcilable is such a result with the
operation of nature, and it is only the
cooling down of carbon which produces
smoke." Here then again smoke is at-

tributed to the cooling down of the gases,

and the author thinks the cause not only
of the loss of a few grains of carbon
and the other invisible gases (which
amount often to a high percentage) which
go out with the smoke, but also the
trouble and unhealthiness produced by
the smoke cannot be referred to too often.

It is, of course, well understood that
cold air must be prevented entering the
furnace, and for this purpose mechanical
stokers have been invented, not only to

prevent the formation of smoke, but to

save fuel. Experience, however, has
taught us otherwise. Referring to the
Manchester Smoke Abatement Exhibi-
tion, Engineering of April 28, 1882,
after stating what the various mechanical

stokers profess to do, observes that very
many mechanical stokers are thrown out of

use after a time, and the old hand-firing

again resorted to. It is also remarked that

though the machines are pleasing and
satisfactory at first, the main result in

the long run is that the mechanism is

troublesome, wasteful and costly. Later
on it is stated that " it would be inter-

esting to know the actual number
that has been fitted to boilers during
the past five years, and in how many
cases they are still at work." In the
report of the Manchester Steam Users'

Association, April 24, 1883, is the fol-

lowing: "The question of smoke pre-

vention, and the relative merits of me-
chanical and hand firing, had been care-

fully considered by the association, and
the conclusion arrived at was that, as

regards economy, the two modes of fir-

ing gave practically the same result ; as

many as fifty-five mechanical stokers had
been removed from boilers under inspec-

tion. To prevent smoke byhand firing,

nothing out of common was wanted, but
only a reasonably fair draught, a reason-

ably fair boiler, regular firing, and the
admission of a little air above the firebars

to secure the combustion of the gases.'''

In the report of the Jurors' Committee
of the Sinpke Abatement Exhibition, it

is stated on page 25, as to mechanical
stokers, that " most of them require oc-

casional assistance by hand," thus show-
ing that they are still open to further

improvement. In the above report it is

stated, on page 27 (Firebars, fire-bridges,

furnace-doors, &c), that "the committee
are of opinion that any assistance by
which air is introduced with the view to

complete the combustion either of gas-

eous or of solid fuel is objectionable, and
is not likely to lead to the most economi-
cal results."

These statements of high authorities

support the author's opinion that smoke
cannot be burned in the same furnace

where it has been formed, and much less

is any furnace door able to produce com-
plete combustion of the fuel burning
within the furnace. In fact, entire com-
bustion is almost beyond the means of

man, in an ordinary furnace. Still, im-

provements have been made by introduc-

ing warm air, to combine better with the

rising gases of the burning fuel. But
even this is no easy matter, considering
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that 150 cubic feet, or 22 lbs., of air are

required for each pound of coal burnt

;

and it is a fact that the carbon requires

great heat before it can be burnt, and
further, that all solid fuel formed into

gases and compressed gases while ex-

panding absorb a large quantity of heat

before they can burn. On this subject,

-Engineering, of December 2, 1881, says :

" Total combustion means, not merely
the rendering the products of combus-
tion invisible, it means the conversion of

the carbonic oxide produced into car-

bonic acid." Another author says: "The
carbon burning in the flame has not com-
pleted its combustion, and it is only the

high temperature of hydrogen burning
which will enable the carbon to com-
bine more readily with the oxygen in the

air." It is only the clear white flame

which will show that combustion is in its

proper condition and everything is well

heated. To prove that the carbon in the

flame is only completing its combustion
may be seen by the flame of a gas jet or

of a candle, which gives a very white
light, as, . for instance, the Siemens gas
lamp. But if a little air be allowed to

blow in from the bottom, then the white
light will blaze out in a long dark red
flame, and give little light, but plenty of

smoke and soot. Again, if a plate be
held over a gas or a candle flame, carbon,

*. e., soot, will settle on it, and the de-

posit is increased when the plate is held
lower in the flame, in fact the burning of

carbon in a flame is only one of the stages

of combustion, and when combustion is

interrupted or incomplete it produces
smoke, which is increased, while the in-

visible steam formed by the hydrogen
will condense and cling to the dust of

the carbon. This can be proved by the
flame in a furnace; the lowest part of

the flame where the carbon has just com-
bined with the oxygen is generally much
darker, even when the top is quite white,

and thereby gives the greatest heat of

some 2000° F., and when the flame is

entering the tubes of a marine boiler,

the bottom tubes are getting choked with
soot, and the top flues, owing to the
white flame, remain clean, and produce
the heat required for forcing steam.

When fresh coals are placed in the fur-

nace, the stoker generally leaves a small
quantity of fire on the dead plate upon
which he places his green coal, and then

closes the furnace door. This method
the author thinks entirely wrong, as the
heat from the fire underneath drives out
the gases from the green coal in such
rapid succession, that it is almost impos-
sible for combustion to take place, even
if the materials were ready for combus-
tion. Such, however, not being the case,

most of these valuable gases escape and
are unproductive. If the fire on the
dead plate were raked to the front near
the door, and the green coal placed on
the dead plate between the two fires, the
small quantity of air entering the fur-

nace door when shut would be warmed,
and would ignite the rising gases from
the green coal. At any rate, the first

gas rising from the green coal is gener-
ally hydrogen, and as this gas has a
greater affinity for oxygen than for car-

bon, it takes the first supply to form in-

visible steam and producing the greatest
amount of heat whilst burning, thereby
preparing all the other gases for proper
combustion. To carry out this plan, the
dead plate might be made a little larger

so as to receive more coal at longer in-

tervals, but the carbon gas at first very
seldom combines with more than eight

volumes of oxygen, forming carbonic ox-

ide, as the carbon gases have to be
formed from the solid carbon, and only
afterwards while burning combine with
eight more volumes of oxygen to form
acid. Of course, if the draught is slow,

which is always better for proper com-
bustion, and if there be more carbon
gas within the flame, then another six

volumes of carbon gas is absorbed, and
oxide is formed again. This then would
be something like proper combustion,
and would produce the heat required.

But where is the quantity of warmed air

to come from in the Cornish and Lanca-
shire boilers? As the jurors state, in

their opinion ''air ought not to be al-

lowed to enter above the firebars." Some
very elaborate furnaces with hot air cham-
bers have been built, but they are so
expensive, and occupy so much space, that
they are rarely employed. The atmos-
phere passing through the firebars, and
incandescent fire above, is not at all

times sufficient for complete combustion,
especially when the draught is weak : ami
as it has been shown that burning car-

bon is taken up by another eight volumes
of oxygen, it is almost necessary to apply
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warm air above the firebars if the proper
combustion of all the gases is to take

place. The densest smoke is formed when
stoking is commenced, or the partly

burned coals in front are pushed back-

wards on the firebars. The coals now
disturbed having been warmed and their

pores opened, the previously confined

gases rise in a mass, but meeting the

cold air entering partly from the open
fire-door and partly through the firebars,

the gases condense and form smoke. To
save this great loss of gases, and to pre-

vent the formation of smoke, the damper
ought to be nearly closed before the fur-

nace doors are opened. If this plan is

not adhered to, the owner of the boiler will

not only lose all the gases as stated, but
in addition some 8 lbs. to 10 lbs. of coals,

to make good the cold which has entered

the furnace and flues by the door.

Priming is another trouble common to

boilers in general, and although a very

important matter, the author has been
unable to find any reference to this sub-

ject even in the most important works on
boilers. He, however, found in a paper
read before this society by Mr. Wm.
Major, on April 9, 1877, the following:
" It is certainly humiliating for the pro-

fession to be obliged to admit that one
hundred years after the introduction of

the steam engine they are still unable to

subdue an evil so generally experienced

as priming of steam boilers
;
yet such is

the case, as proved by the Serapis.
v Fur-

ther on it is stated that tallow and other

remedies have been tried with various

results, some doing harm to the boiler

plates. It is, however, stated that petro-

leum, mixed with the feed water accord-

ing to Mr. Major's invention, proved per-

fectly successful, as shown by a letter

from Copenhagen, about one gallon of

petroleum being used per day in a 30
horse-power boiler. Beyond these state-

ments very little is said about the cause

and remedies of priming. The author
will now give his opinion and experi-

ence of priming in boilers. The wanning
up and starting of an engine in the
morning requires a large amount of

steam, as considerable condensation
takes place at first, more especially in

the winter. The great quantity of steam
taken from the boiler in so short a period
very often reduces the pressure of steam
within the boiler some 25 to 40 per cent.,

and considering that the flues by that
time are not very hot, and are not able
to form steam, the wbole formation of

the steam required is thrown on one
small plate or space just over the bridge
of the Cornish or Lancashire boiler. In
fact, this small part of the boiler has pro-
duced or formed the whole of the steam
and pressure within the boiler, and there-

fore this part must be very hot, and the
water close to it absorbs more heat for

expansion to form steam, and is conse-
quently lighter than the water just above
it, and possesses greater accumulated
heat for the moment than the steam
bubbles already formed. The heated
water, with the lighter steam bubbles, are

therefore thrown up together, when the
pressure from above is suddenly re-

moved, and forced into the engine. The
working of a vertical boiler may serve
to make this clearer. The steam formed
having to force its way up through
a column of water from 1^ to 3 feet deep,

of course produces some pressure, and
the water on the top being cooler than
that at the bottom, the single bubbles of

steam are hardly able to force their way
up, and a combined effort is required
(which may be said to cause a convulsion
within the column of water) for the
steam to raise itself, and then the super-
heated water is thrown up with the

steam. This so-called priming in the
vertical boiler is not seen in the water
gauge so long as the water is kept low,

say about 3 inches in the glass, but if the
water be pumped as high as, say, 5 or 6

inches, then the water thrown up with
the steam shows itself in the glass from
the top. This, then, proves that the
water forced up with steam will by grav-

ity fall back in about a space of 3 or 4
inches from above the water line, and the
steam so cleared will show very little

priming. Pure water will, no doubt, pre-

vent priming to a great extent, but where
boilers are forced or the water stands too
high in the boiler, then the convulsion
will be stronger, and a higher space for

the steam to clear itself will be required.

These facts prove two things—firstly,

that in most instances the heat is applied

on too small a space, and thereby harm is

done to the boiler ; and, secondly, that

the steam space above the water line is

insufficient. These two conditions not
only destroy or do harm to many boilers



DEFECTS OF STEAM BOILERS AND THEIR REMEDY. 239

and engines, but cause a loss of fuel and
power. The best means for the preven-

tion of priming will be explained later

on.

The author thinks too little attention

has been given to the air and gases with

acids contained in the feed water by
steam users in general, as these acids not

only corrode the boiler plates and pro-

duce galvanic action with the grease re-

turning to the boiler with the condensed
steam, but the gases accumulating in the

boiler amount to something more than is

generally supposed. All water contains

at least 2 to 3 per cent, of absorbed air

and gases ; such air and gases being con-

tinually pumped into the boiler accumu-
late. It is known that all gases are by
gravity heavier than steam, the steam be-

ing on the top in the boiler is allowed to
J

pass from thence to the engine, the gases

remaining behind, and, as carbonic acid

gas is the heaviest gas, it takes the low-

est place. Now, a 50 horse-power boiler

will use about 3,000 gallons of water per

day ; then there would be as much as

144 cubic feet of various gases accumu-
lated, and in a week some 80 cubic feet.

These gases can only be expelled from
the boiler by frequent blowing off; and
if this be neglected, the gases and acids

accumulate to a very great extent ; and
the author is of opinion that if an explo-

sion then took place, it would be much
more violent on account of the accumu-
lated gases. They increase in volume as

1 in 490 at every degree F., so that at 50

lbs. pressure the accumulated volume of

gases will nearly be doubled, and thereby
give an after pressure to the steam to

blow the boiler to atoms. The Man-
chester Steam Users'Association and other

authorities have expressed the opinion

that there must be something beyond
steam pressure in many explosions. The
return side and bottom flues of a boiler

ought to be rounded off, as all corners

prevent the proper flow of the air and
heat waves. A few bricks sticking out
in the flues from the brick walls will

throw the heat-wave towards the boiler.

The author having stated some of the

existing faults and their remedies in

Cornish and Lancashire boilers, will now
explain the improvements made in a

boiler designed by himself, which has
undergone some very severe trials. The
object of the author was principally to

do away with the ashpit ; to prevent, if

possible, incrustation ; to extract from
the water all gases; to prevent unequal
expansion ; to produce dry steam, and,

by having better combustion, to prevent
smoke. To obtain these results, he de-

signed and had manufactured a boiler* in

which two flat flues are placed one above
the other in a cylindrical shell 16 feet 6

inches long by 7 feet diameter, of which
the top flue is 4 feet 8 inches wide by 10
inches high, and the other 4 feet 6
inches wide by 10 inches high, the top
one being stayed with 24 and the bottom
one with 33 3|-inch vertical tubes screwed
into the fire-plates and expanded. These
two flues have one fifth more room for

water and steam than the two flues of a

Lancashire boiler, the top flue having its

front bottom plate slanting downwards to

make room for the firebars and furnace.

On the front of the boiler a cast-iron box
is fixed with the bottom open, having
doors in front with slots and slides and
perforated baffle plates. The firebars

rest in front on a strong bar within

the cast-iron box, and the back end of

the firebars rest on the top end of the
slanting flue. The front ends of the fire-

bars are turned up to prevent the fire

falling out. A sheet-iron curtain hangs
down, so that when the doors are

opened the fire is not exposed ; when
firing is required, the curtain is raised,

and the damper is nearly closed auto-

matically, so as to prevent cold air rush-

ing into the furnace and flues. On the

back end of the boiler there is a closed

tank, 4 feet 8 inches wide, extreme height
4 feet, and 1 foot 10 inches deep. The
water is supplied by gravity from a higher
cistern, and a 2-inch pipe is carried from
the tank through the roof, for the pur-
pose of discharging the air and acids.

The firebars sloping towards the front

were designed so that the air should not
merely pass through the firebars, and
then rise to the boiler plate, but that the
burning gases, drawn towards the flue,

should continually meet and amalgamate
with the other gases and meet the warm
air coming through the slots in the
front doors, so as to produce carbonic
acid close under the boiler-plates, and to

evolve the greatest heat at the proper
places. The flame or heat waves in their

* This boiler is described and illustrated in Iron,
vol. xxii., page 309.
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passage are retarded by the vertical

tubes, which they embrace, and thereby

spread the heat to the top and bottom
plates ; the other part of the flame rush-

ing by will do the same duty by the next

tube, and so on to the end of the top

flue. Here the heat wave is obstructed

by a water tank for boiling the water

contained within it, and the same process

goes on at the bottom flue. Passing
out at the front, the heat is led to the

right side flue, returning under the bot-

tom of the boiler, and passing to the left

side towards the damper and shaft. The
water does not remain long enough in

the tank to be sufficiently boiled to

throw down the carbonates and sulphates

of lime, and therefore a live steampipe is

carried from the boiler into the tank, and
enters a large 4-inch pipe, which, with 50
lbs. pressure, will produce close to the

pipe some 240° to 250° F., which heat

will throw down the carbonates and sul-

phates (which are drawn off below) and
send the acids and air out of the tank.

The feed-water supply is taken from the

hottest place over the pipe and is pumped
into the boiler, and as this water is al-

most pure, and at the boiling point, it

produces no settlement or scale within

the boiler.

The steam supplied to the water tank

is then led by a pipe to the front under
the firebars, and allowed to escape in

small jets for the purpose of warming
the air under the grate. The steam
passing through the incandescent fire

will he partly dissolved into its two ele-

ments, oxygen and hydrogen, of which
the oxygen will at first fly to the carbon,

and the hydrogen will burn above with
fresh oxygen again to invisible steam,

which, if collected, would produce near-

ly a ^ ton weight of water from a ton of

coals, if proper combustion had taken
place. The steam jets are principally for

the purpose of obviating the necessity of

a very strong draught. The damper be-

ing half closed to prevent the heat from
entering the chimney, the quantity of

steam supplied under the front bars is

very small, for if a large supply of steam
was used it would become superheated
by the burning fuel, and rise by its grav-

ity close under the boiler plate, thereby
preventing the heat from penetrating the

metal, and proving that steam ought
never to be employed above the firebars.

The vertical tubes after one year and a-

quarter of work are found to be as

clean as if they had only just been put
in. The circulation is so rapid there is

no settlement on the bottom of the
boiler. On the top flue only there is

found a small quantity of sediment,
which is easily removed by a water hose,

and the scum on the sides of the boiler

can be easily brushed off. Another ad-

vantage is that the bottom of the flues

produce almost as much steam as the top,

because no stationary steam globules are

permitted to accumulate in consequence
of the rapid circulation through the ver-

tical tubes, in which no settlement or

scale can attach itself. However large

the flat flues are made, it is impossible
for them to collapse on account of these

vertical tubes or stays. The total heat-

ing surface is 577.7 square feet, and the

grate surface 13 square feet. There are,

therefore, 44.4 square feet of heating sur-

face per square foot of grate surface.

The author finds, that by a slow combus-
tion and a gentle draught, more heat is

evolved and penetrates the metal, and
that therefore more water is evaporated
per lb. of coal.

There being no ashpit in this boiler,

and the boiler being entirely bricked in,

no unequal expansion can possibly take

place. As no cold air is allowed to enter

the furnace, no smoke can arise except

at the moment the curtain is let down
and the damper raised ; but this vapor
is so trifling that it is hardly worth men-
tioning. A boiler on this principle was
laid down by the author for driving the

machinery at his works in Three Mills

Lane, Bromley-by-Bow, in December,
1882, and has been tested by several in-

dependent engineers, amongst others by
Mr. W. H. Maw and Mr. D. K. Clark.

With this boiler there is no priming, dry
steam being produced (as stated in Engi-
neering for September 14, 1883), tests

having proved it to be thoroughly dry.

Mr. D. K. Clark, in his report, states :
" I

tested the steam produced each day for

dryness ; it proved to be dry and free

from priming water." The explanation

of the dryness of the steam is very simple,

and is due to the large flat surface of

water in the boiler, of about some 112
square feet area, which for the most part

is only 3 inches deep, and having a heated
flue-plate of some 80 square feet below,
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and twenty-four vertical tubes, wliicli

with a volcanic action continually send

up the steam formed within them, and
that from below, caused by widely-distrib-

uted heat waves. Then there is such a

rapid circulation that no pressure arises

from a volume of water, and there is no
force or convulsion present to form steam
bubbles. With shallow water and well-

distributed heat, priming is therefore

•prevented.

Thus the principal defects of boilers

have been remedied by this new design.

There is very little waste or ashes, no
clinkers in general, and only a few cin-

ders, which may be used again. The
stoking is very simple, as the coals are
placed almost in front, the bars are short,

and slanting to the front. In Iron of

October 5, 1883, it is stated by the editor

that this boiler has realized the highest
efficiency on record, and that it marks a
new phase in boiler construction. In the
Times of September 17, 1883, the editor
favored the invention with a similar opin-
ion. Mr. W. H. Maw and his staff made
five tests during nearly six months, of

which the author here gives the last. An
elaborate report of the same was pub-
lished in Engineering of September 14,

1883, in which it was stated that the boil-

er embodies a number of novel features,

and produces rapid circulation through
the vertical tubes, the effect of the curtain

being very marked, and that as a rule

there was no trace of smoke.

Results of Evaporation Tests, Aug. 31, 1883.

Duration 8. a. m. till 5 p. m., 9 hours.

Steam pressure, maximum, 50 lbs. per square
inch.

Steam pressure, minimum, 39.5 per square inch.

Steam, mean, 45.5 per square inch.

Coal, total quantity burned, 1,015 lbs.

Coal, quantity burned per hour, 112.8 lbs.

Coal, quantity burned per square foot of grate

(short bars), 8.68 lbs.

Ashes weighed, containing fragments of coal

and clinker for which no allowance was
made, 39 lbs.

Area of grate, 13 square feet.

Water, total quantity evaporated, 1,150 gallons.

Water evaporated per hour, 127.7 gallons.

Water evaporated per square foot of heating
surface, 2.2 lbs.

Water evaporated per lb. of coal, 11.3 lbs.

Temperature of feed water, mean, 81.6
D
F.

Temperature of gases measured in flue between
damper and chimney, 290° F.

Draught, mean, in inches of water, y\ inch.

The National Smoke Abatement Asso-

ciation had two tests made by their engi-

neer, Mr. D. K. Clark, who gave a minute
report of the boiler in question, and from
which the" following figures are taken.

The report is dated January 18, 1884.

Result of Evaporative Performance and Efficiency of the Engert
Steam Boiler, London, 1883.

Number of Trial.

Date of trial

Temperature of boiler-house, average
Barometer Average
Duration of trial

Average effective pressure per square inch in the boiler
Net quantity of coal consumed at trial

Net quantity of coal consumed per hour
Net quantity of coal consumed per hour per sq. ft. of firegrate.

Ash (no clinker) residue
Ash residue per cent, of net coal consumed
Average temperature of water supplied for consumption
Quantity of water supplied for consumption
Quantity of water per hour
Quantity of water per hour per square foot of grate
Quantity of water per pound of coal consumed
Quantity of water per pound from and at 212° F
Quantity of water per pound of combustible
Qnantity of water per pound of combustible from and at 212° F.

Dec. 20, 1883-

59.3° F.
30.03 inches.

8 hours.
41.6 lbs.

1,064 lbs.

133 lbs.

10.23 lbs.

74 lbs.

7 per cent.

73.5° F.

202.5 cubic feet.

25.31 cubic feet.

1.95 cubic feet.

11.85 lbs.

14.18 lbs.

12.73 lbs.

14.90 lbs.

Dec. 21, 18S3.
57.3° F.

29.90 inches.

8 hours.
36.6 lbs.

1,568 lbs.

196 lbs.

15.10 lbs.

84 lbs.

5.36 per cent.
70= F.

236 cubic feet.

29.5 cubic feet.

2.27 cubic feet.

9.37 lbs.

10.96 lbs.

9.90 lbs.

11.58 lbs.

Mr. Clark concludes his report with
the following remarks :

—" On the first

day the boiler was worked at the usual
pace to supply steam for daily require-

Vol. XXXI.—No. 3—17

ments ; on the second day it was forced

by increasing the draught, in order to

test still further the capabilities of the

system. In point of efficiency the results
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compare favorably for the Engert boiler.

On the system of firing for this boiler,

which does not demand more than an
ordinary degree of care in management,
smoke can be entirely suppressed. Shortly

after the two days' tests were completed,

the boiler was opened in my presence,

and I found on inspection that it was
entirely free from scale, and was other-

wise in good order. I may add, in con-

clusion, that in my opinion Mr. Engert
has produced a steam boiler of much
merit, and that he has made a new and
effective departure in steam boiler engi-

neering.''

The interior of the boiler has also been
inspected upon two occasions by the

engineer of the London Mutual Boiler

Insurance Company, the last inspection

having been made on November 9, 1883.

Upon each occasion the inspector report-

ed the boiler to be clean and free from
scale or deposit.

In conclusion, the author would submit
that the defects of steam boilers and the

evils of incrustation, priming, and bad
circulation are largely, if not wholly, due
to faulty construction, and that he has

succeeded in remedying these defects.

He submits this with confidence, not so

much upon his c wn authority and experi-

ence as upon those of independent engi-

neers who have investigated the working
of his boiler, and have reported favorably

upon it.

THE FOUNDATIONS OF THE NEW CAPITOL AT ALBANY.
By WILLIAM JAEVIS McALPINE, M. Inst. C. E.

From Selected Papers of the Institution of Civil Engineers.

The Author has not met with sufficient

information to establish a rule for deter-

mining the load which may be safely im-

posed by a structure upon earth of a

specific character and condition. The
degrees of consistency and compactness
in different kinds of earth and their mix-

tures, and, above all, the extent of moist-

ure therein, so affect the supporting

power as to discourage any attempt at a

formula for practical use. The nearly

universal rule seems to be, to depend
upon the previous experience of the local-

ity, or upon observations of structures

supported on similar earths in like condi-

tions ; in fact, to guess at, what the Au-
thor believes may, in most cases, be de-

termined with considerable precision, and
avoid on the one hand the unnecessarily

costly foundations which are so frequent-

ly observed, and, on the other hand, those

inappropriate and insufficient foundations

which cause the destruction of the super-

structure.

He was requested ten years ago, to

devise plans for the foundations of a large

and costly State building, which had to

rest upon soil apparently equable and
stable, but which proved, on careful ex-

amination, to lack these qualities to a

remarkable extent. It was also found

that the earth, to a great depth under
many portions of the foundations, received

and parted with a considerable amount
of moisture with the changing seasons.

The circumstances of the case did not
allow the use of piles or inverted arches

;

it was, therefore, necessary to spread the

base of the walls over such an area as

would afford the requisite sustaining

power, and also to protect the clay and
sand from any excess or deprivation of

its natural degree of moisture, so as at

all times to derive from it the same de-

gree of support. The importance of the

work warranted the expense of experi-

ments to determine the questions above
referred to. In the absence of any simi-

lar or equally extensive experiments, the

author is induced to submit the present
ones, in the hope that an explanation of

the methods adopted, and the results

attained, will prove serviceable.

The structure, though a single build-

ing, may be considered as a collection of

a dozen large ones, with great differences

of elevations, and weights upon the lower
walls, and yet so bonded together as to

require that the pressure of each of the

parts should be the same per square foot

on the earth beneath. This object has

been fully accomplished; and when the



FOUNDATIONS OF THE NEW CAPITOL AT ALBANY. 243

structure is loaded to the maximum
|

extent of 200,000 American tons, the au-
j

thor believes that it will not compress
I

the earth upon which it rests more than

three-fourths of an inch, and exactly the

same under every part thereof. The
building measures nearly 300 feet by 400
feet on plan, and has three main stories

and a basement. The lower walls are

110 feet high, but those of the corner

towers, pavilions, and main tower, are of

much greater height.

The ground covered by the structure

sloped eastward at the rate of 1 in 25.

The pit was excavated to a depth of 5

feet below the natural surface at the

south-east corner, and 25 feet at the

north-west corner. The excavation, to-

gether with the borings which were made
in the bottom of the pit, fully exhibited

the character of the earth. The lower
strata (termed in the locality "blue clay,"

and " Albany clay ") are more than 100
feet in thickness, resting upon the Hud-
son River Argillite (a clay state), the two
forming the banks of the river for 30
miles of its course. The " blue clay

"

contains from 60 to 90 per cent, of alumi-

na, the remainder is fine silicious sand.

It also contains many nodules of clay,

highly charged with carbonate of lime in

the form of rings and discs about an inch
in diameter. Overlying the blue clay was
a mass of earth from 1 foot to 35 feet

deep, composed of the same clay mixed
with sand of different degrees of fineness,

in proportions varying to such an extent
as, when saturated, to render it in some
places, a semi-fluid, while in others it was
nearly pure sand, and very porous. This
material occurred in veins and strata, large

and small, above and below the level fixed

for the foundation. One of the largest

of these veins of viscid earth passed diag-

onally across the foundation, and at a

depth of 6 to 20 feet below the bottom of

the pit. It was 200 feet long, and from 5

to 25 feet wide.* Other veins and strata

of less size, were found extending across
the bottom, and sometimes terminating in

pockets in the blue clay. Borings, from
10 to 30 feet deep, were made in several

places below the bottom of the pit, which
showed the substratum to be blue clay

;

and a well which had been sunk close by,

* This vein was dug out, and replaced with clay and
sand artificially mixed, moistened, and slightly rammed
in layers, so as to render it as similar to the adjacent
natural material as possible.

to a depth of 100 feet, was entirely in the

blue clay.

The earth in its natural condition at

midsummer contained from 27 to 43 per
cent, of moisture. When the samples
were thoroughly dried and pulverized and
again fully saturated (without dripping),

they absorbed from 39 to 46 per cent, of

water. The blue clay ordinarily held
about 40 per cent., and when dried, again
absorbed about 43 per cent. It was,
therefore, as a rule, completely saturated

in its natural state. It was upon this

kind of earth that the subsequent experi-

ments of the supporting power of the clay

were made. The pure clay, obtained by
separating it from the sand, weighed 116
lbs., and the sand so separated 80 lbs.,

per cubic foot ; but, when they were again
mixed in different proportions the weight
of the mixture was less than the propor-
tionate means between them. Earth taken
from the same places as the samples, var-

ied from 81.5 to 101.4 lbs. per cubic foot,

depending upon the proportions of the
clay and sand ; and these weights show,
to some extent, the relative supporting
power of the earth at the places from
which the samples were taken.

It was originally intended to support
the structure upon wooden piles, of which
a considerable number had been procured
before the author was entrusted with the
direction of the work. Many compara-
tively large buildings in Albany have been
supported upon wooden piles driven into

the blue clay or upon thick planks laid

under the walls. In a few cases the
wood used for this purpose has been
found in tolerable preservation* half a

century after it had been buried in the
blue clay ; but, generally, such timber was
much decayed at the end of a quarter of a
century ; and several heavy buildings,

after having stood firm for twenty*years,
began to settle, and the walls to crack, in

consequence of the decay of the wooden
supports and the unequal settlements
therefrom. It appears that when the
clay had been kept constantly moist,

the wood did not materially decay in half

a century; but, wherever the moisture
was drawn off, the wood did not last more
than twelve years. In this case, even if

* In digging the trenches for the street pipes of the
new waterworks at Albany, the author had occasion
to remove many of the old pine water-pipe logs, of
which only the sap wood was decayed. They had been

|
buried in the blue clay for more than half a'century.
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a wooden foundation could have been ar-

ranged so as to be kept constantly wet, it

would have ultimately decayed ; and its

use was, therefore, inadmissable. Cast-

iron piles of white iron could be relied

upon for a century or more, but would
also have eventually decayed.

The use of sand and concrete piles,

made by boring or driving holes into the
clay and filling them with these materials,

was also considered. For reasons which
will subsequently appear, inverted arches

could only be used tinder a part of

the structure,* and it was deemed advis-

able to have but one system of support.

The author, therefore, finally determined
upon the plan which has been executed.

In most buildings, except where spires

or towers are introduced, the weight is

nearly equably imposed upon the several

foundation walls ; but in the Capitol the

main and pavilion towers are much higher
and heavier than the adjacent walls. The
extremely heavy fire-proof floors, loaded
as they will be frequently with dense
crowds of people, books, &c, must nec-

essarily carry their load to two only of

the four surrounding walls, and, with
some of the roofs acting in the same man-
ner, will produce very unequal pressures

upon the foundations.

The weight of the whole building and
its contents when in use will be 200,000
American tons. The area of the base of

the exterior and court walls, and the rear

walls opposite, is about 24,000 square
feet, and sustains an average of 6^- tons
per square foot on the basement walls.

The main tower, which weighs 30,000
tons, has an area of 2,508 square feet,

equal to 12 tons per square foot upon its

foundation walls. The weight on the

foundation under the exterior walls of the
corner towers is 47 tons per lineal foot

;

on the interior walls of the same towers,

it is only 39 tons ; and on the adjacent

division walls, 23f tons. Still greater

differences in the weight on adjacent walls

occur in other parts of the building, es-

pecially at the main tower, where the

weight is 134 tons per lineal foot, and on
the adjacent walls but 47 tons and 39 tons.

* It was necessary to arrange to carry two-thirds of
the weight upon the exterior, rear, and court walls,
which are separated 120 feet on two of the fronts, and
only 90 feet on the other two. Inverted arches span-
ning three very unequal spaces would have imposed
unequal loads upon the clay beneath, and their use
would have defeated the design of distributing exactly
the same weight upon every part of the clay beneath
the structure.

!

Passing around the exterior walls of one
quarter of the structure (the remainder
being a repetition of the same sized walls),

the weights to be supported per lineal

foot are successively as follows : commenc-
ing at the main tower, 134 tons (which
may possibly be increased) ; the adjacent
walls are 47 tons per lineal foot for 60
feet ; next, 44£ tons for 60 feet ; next, 47
tons for 120 feet (turning the corner
tower) ; next 44£ tons for 60 feet ; next,

67 tons for 18 feet ; and next, 50 tons for

52 feet to the center of the south or north
front. On the rear of each of these walls,

the interior wall is loaded with 39 tons,

and the division walls with S^- to 23|- tons
per lineal foot.

The exterior walls of cut granite facing,

backed with rubble and brick, average 150
lbs. per cubic foot. The floors, including
the iron box girders, cross beams, brick

arches and covering, average 24 lbs. per
square foot. The possible weight of

crowds of people upon the floors is taken
at 100 lbs. per square foot; the snow
upon the roofs, at 2 feet depth, is 12^- lbs.;

and the effect of the strongest winds,
which may at times be deflected perpen-
dicularly against some of the roofs, is

taken at 15 lbs. per square foot. The
calculated weight which may come upon
each of the walls is as follows: on the
corner towers and front foundation walls,

47 tons per lineal foot; on the main east

and west front, 50 tons ; on the curtains,

44^ tons ; on the ventilating tower, 67
tons ; on the division walls, extending
upwards through four stories, 23| tons

;

on the partition walls of two stories, 13^
tons, and of those which extend one story

high, 8-J- tons, per lineal foot. The main
tower is designed to be of stone, except

the portion immediately below the dome,
which, from being so high from view, was
proposed to be made of iron. If it should
be of stone to the dome, that change, to-

gether with some others, would increase

its weight to 36,000 tons, equal to 14.4

tons per square foot at the base. Its

footing stones were spread to 110 feet

square, and the concrete to 125 feet*

square, and 5 feet thickness. The weight
on the clay, with 30,000 tons, is 1.92 ton

per square foot ; and with 36,000 tons, it

would be 9.3 tons ; but it was arranged

for an underpinning, if necessary.

THE EXPERIMENTS.

For the purpose of ascertaining the
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sustaining power of the blue clay in its

natural condition, two sets of experiments
were made ; in the first by pressure upon
a square foot, and in the second upon a

square yard, of the surface. The machine
used was a mast of timber 12 inches

square, held perpendicularly by guys,

with a cross frame for the weights. A
hole was dug, 3 feet deep, in the bottom
of the blue clay foundation, 18 inches

square at the top, and 14 inches at the

bottom. The foot of the machine was
placed in this hole, and weights from
2,754 lbs. to 23,784 lbs. were applied.

Small stakes were driven into the ground,
in radial lines from the center of the hole,

and the tops carefully driven to the same
level ; and by means of a straight-edge

any change in the surface of the ground
adjacent to the hole could readily be de-

tected and measured. aaasajafll

Table I. shows a continued settlement
of the clay under the foot of the machine
as the loads were added, but no change
in the surface of the adjacent ground
was observed until an hour after a weight
of 11,844 lbs. had been applied, when an
uplift of the surrounding earth was
noted, in the form of a ring with an ir-

regular rounded surface, the contents of

which, above the previous surface, meas-
ured 0.09 cubic foot, which is equivalent

to a displacement of 1.09 inch of clay in

depth under the foot of the machine, or
equal to one-fifth of the whole settlement
which had then occurred.

Table I.

> . Dura-
Wei,^hts. Settlement.

v o Day. Hour. tion.32 .«

o

Hours

Each. Total. Each. Total.

-

lbs. lbs. Inches. Inches.
1 Mori. 5 P. M. — 2,754 2,754 0.288 0.288 The weight of the machine.*
2 Tues. 9 A. M. 16 — — 0.612 0.900— "

9 " — 2,820 5,574 — — First stone added.
3 .i 10 " 1 — — 0.528 1.428— i< 10 " — 6,260 11,834 — — Second and third stones added.
4 it

11J
"

ll| "
1^"4 — —

.

4.752 6.180 Uplift noted.— "
3,250 15,084 — — Fourth stone added.

5 (i

J P.M.
3
4

— — 3.588 9.768
6 u 1 " X — — 1.728 11.496— it

1 " 5 min. 2,890 17,974 0.060 11.556 \ Fifth stone. Immediate set-

7 "
1* " JL — — 3.288 14.844 j tlement.

— it H " — 2,980 20,954 — — Sixth stone added.
8 " 2" " 1

2
— — 4.128 18.972 Uplift noted.— a 2 " 2,830 23,784 — — Seventh stone added.

9 u
2i

" 1

2
— — 5.184 24.156

10 i« 3 " i — — 2.060 26.216
11 " H "

If
— — 1.300 27.516

12 " 5 "
lj

— — 3.084 30.600 Uplift noted.
13 Wed. 5 A. M. 12 — — 0.600 31.200
14 ii 8 " 3 — — — 31.200 No settlement after 5 a. m.

Observations 12 and 13 are not reliable.
* The first settlement, noted in observation 1, was due to the weight of the machine, and was not a com-

pression, but only a leveling of the rough inequalities of the clay. The subsequent observation 2, of 0.612

inch, is the compression due to 2,754 lbs. This settlement occurred before 5 a. m.

When the weight had reached 20,954
lbs., and had rested for half an hour
upon the clay, a further protrusion was
noted. The form of the ring was the

same as before, but with more irregu-

larity of surface. The highest part of

the protrusion was from 12 to 15 inches

from the edge of the pit, where it aver-

aged 0.3 inch high, and sloped off out-

wardly to an average of 4 feet from the
center of the hole. This uplifted earth

measured 0.606 cubic foot, which is

equivalent to a displacement of 7.272

inches. When a weight of 23,784 lbs.

had been applied, and had rested three

hours on the clay the ring in the high-

est part averaged 0.5 inch high, in the

same general form and extent as before

noted. The amount of earth thus raised

was 1.01 cubic foot, equivalent to a dis-

placement of 12.12 inches under the ma-
chine.

Before the lifting of the earth sur-

rounding' the machine could have taken
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place, the materials first displaced from
under the machine were doubtless forced

among the particles of the earth adja-

cent to the whole, and compressed that

earth to some extent ; and this operation

was continued until the adjacent earth had
become so compacted as to cause the

lifts noted in the table. '1 he author is

of opinion that the compression of the

earth below the bottom of the machine
continued without any considerable dis-

placement until after a load of 4,000 lbs.

or 5,000 lbs. had been applied, and that

then the displaced earth found space in

the adjoining earth until the load reached

7,000 or 8,000 lbs., when the uplift be-

came visible at the surface of the ground

;

but that meanwhile the earth directly

under the machine was continually more
and more compressed in some propor-
tion to the weight added. The small

area pressed upon facilitated the escape
of the material into the adjacent earth,

which weighed only 300 or 400 lbs. per
square foot. If the pit had been deeper,

or the piston larger, there would have
been less displacement.

The second set of experiments was
made with the same machine, to the

bottom of which was framed a strong
base, 3 feet square. The pit was sunk 2

feet deep into similar earth, and was 38
inches square both at the top and at the

bottom. The stones were put on at in-

tervals of an hour. There was no up-
lifting of the surrounding earth.

Table II. shows the remarkable regu-
larity in the settlement as the load was
increased, and a constant diminution of

the incremeut as the earth became more
compacted. At the 6th observation the

weight per square foot corresponded
nearly with the 2d in Table I., and the

settlement was almost the same. The
base was nine times as large, so that the

proportion of escapement of the earth

from beneath must at this time have been
very small. It is probable, however,
that if the weights per square foot had
been increased so as to equal those in

Table I., a similar uplift would have oc-

curred, though of less extent. The au-

thor derived from the Tables the opinion

that the extreme supporting power of

this earth was less than 6 tons per square
foot, and that the load which might be
safely imposed upon the clay was 2 tons

per square foot.

Table II.

Weight Settlement.

Observation.
Each. Total. Per sq

foot.

Each. Total.

lbs. lbs. lbs. . Inch. Inch.

3,228 3,228 359 — — No settlement that could be measured.
2,380 5,608 623 0.050 0.050

2d " 3,300 8,908 990 0.150 0.200 Estimated.
3d & 4th stone added. 6,960 15,868 1,763 0.166 0.366
5th 2,830 18,698; 2,078 0.134 0.500 "

6th 3,250 21,948
j

2,439 0.124 0.624
7th 4,420 26,368 2,929 0.096 0.720 "

8th 1,190 27,558 3,062 0.080 0.800

9th 2,320 29,878 3,320 0.025 0.825

The notations of the settlement were generally made about an hour after the weight had been applied.

For the purpose of maintaining the
clay beneath the structure in the same
condition of moisture, a deep puddle
wall was extended entirely around the

foundation, not only to exclude an excess
of water, which might reach it through
the veins and films of sand with consid-

erable hydrostatic head, but also to pre-

vent the egress of the natural moisture
through similar veins. Although the

puddle wall was carried up to the level

of the terrace which surroundsthe build-

ing, yet water might find its way along
the face and down the outside of the

walls, or possibly through some acci-

dental break in the concrete floors within

and surcharge the clay below. To pre-

vent this, there was spread on the tcp of

the clay, over the whole area enclosed, a

depth of 6 inches of coarse screened
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gravel, the effect of which will be that

under the great weight of the building

any excess of water in the clay beneath
will be forced into this pervious gravel,

and flow off through it to the drains

which encircle and traverse the founda-

tions. The necessity for these provisions

will be apparent when it is considered

that many of the veins of sand extend to

the surface of grounds of much greater

elevation than the foundations, and that

they communicate with imperfectly built

street sewers and water pipes, while the

same or other porous veins extend be-

neath the surface to grounds which are

much lower. Through these sources the

clay under some portions of the structure

might be charged with water, while that

under an adjacent wall might, at the

same time, be drained of much of its nat-

ural moisture, and thus entirely destroy

the design of a foundation which should
everywhere have an equal sustaining

power. It is not an absolute settlement

which is to be apprehended, but a greater

yielding in one place than in another.

A common practice of builders who

have occasion to erect high and compara-
tively heavy towers and spires, is to

groove the lower part into the adjacent

walls, so as to allow the heavier ones to

slide in these grooves, without breaking
the bonding stones. In the present case

the demands of the architect forbad the

use of grooving, and hence the necessity

for the above provisions.

The main walls of the building are

from 5 feet to 7 feet thick, where they

rest upon the foundation walls, and bring

upon them pressures of from 6 to 9 tons

per square foot, which had to be reduced
to 2 tons per square foot on the clay.

This was accomplished by projecting each
of the footing courses beyond those im-

mediately above them. The rule was to

commence with a load of 2 tons per

square foot upon the clay, 3 tons upon
the top of the concrete, and generally 4,

5, 6, or 7 tons upon each succeeding

course of stone. The weight on each

lineal foot of the top of the foundation
walls, divided by the above pressures,

gives the exact width of each course of

the footing stones, as shown in Table III.

Table III.

Load
per

Required width of Courses.

Main
Parts of the Building. Lineal

Foot.
Con-
crete.

Courses of footings. Walls.

1st. 2d. 3d. 4th. 5th.

Tons. Ft. Ins. Ft. Ins. Ft. Ins. Ft. Ins. Ft. Ins. Ft. Ins. Ft. Ins.

Corner towers, front 47 23 6 15 8 11 9 9 4 7 10 7 4 7
" " rear.

.

39 19 6 13 9 9 7 10 6 6 5 6 5
Curtains, front 44* 22 3 14 8 11 1 8 11 7 5 6 5 6 5
Central fronts 50 25 16 8 12 6 10 8 4 7 2 6 5
Partitions, 4 stories.

.

23* 11 9 7 10 5 11 4 9 3 11 3 5 3
2 " 13* 6 9 4 6 3 5 3 — — 3
1 " 8* 4 3 2 5 2 2 2 — — 2

The large quantity of stone required
in a short time—50,000 tons in four
months—compelled a resort to a great
many quarries, which furnished stones of

different thicknesses, and made it neces-
sary to modify the above exact arrange-
ment ; but the principle of the distribu-

tion of the load according to the vertical

strength of the stone used was main-
tained throughout the foundations.

It was necessary to consider how far

these projections could be made without

danger of breakage of the projecting

part of the stone. The pressure in this

case tending to break the stone is that

due to the weight on the wall above it,

divided by the width of the wall and
multiplied by the area of the projection,

and to treat that result as a load dis-

tributed on a beam supported at one
end.

To distribute the weight upon the
footing stone courses with certainty, the
beds of the limestone and o-ranite were
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dressed to close parallel joints, so that

the "weight of each of the upper courses

should be carried out to the extremity of

the next course below. The vertical

joints were only required to be quarry

joints, not exceeding 1 inch wide. For
certainty and convenience of laying the

masonry, the foundation stones were all

required to be rectangular blocks, of from
18 to 24 inches in thickness, the breadth

to be at least one and a-half time the

thickness, and the length two and a-half

times the thickness. The average size of

all the stones was 31 cubic feet, equal to

2% tons, and many of them were from 5

to 8 tons weight. In the foundations of

the main tower the average weight of the

granite blocks was four tons, and of the

projecting blocks 7 tons. The footing

courses were spread out equidistant from
the lines of the center of gravity of the

imposed weight above. '1 he exterior

stones of the three lower footing courses

were all headers from 4£ to 7 feet in

length. The longitudinal bonding was
made by the interior stone, and in the

upper courses, where the projections-

were smaller, by alternate headers and
stretchers of the front stone, as well as

the interior. The result of this bonding
will be to distribute the weight, and
equalize its pressure upon the clay.

The weight of the main tower was so

much greater than that of the other

walls, and the earth below it so much in-

ferior, that the foundation was placed 7

feet deeper than elsewhere. With this

exception, all the walls were commenced
at the same level. The spaces between
the main exterior, rear and division walls,

and under the arches of the central court,

were covered with a layer of concrete,

made of screened gravel and hydraulic

cement, 1 foot to 2 feet thick.

THE COMBUSTION OF FUEL IN FURNACES OF STEAM BOIL-
ERS BY NATURAL DRAUGHT AND BY SUPPLY

OF AIR UNDER PRESSURE.
Bt Me. JAMES HOWDEN.

Prom "Iron."

The various improvements in the

steam-engine which have led, during the

last twenty or thirty years to the great

reduction in the ratio of fuel consumed
to power obtained, have hitherto been
almost exclusively confined to the motor,

and scarcely, if at all, connected with the

generator ; the reduced consumption
having been effected by the more judici-

ous use of steam in the engine, and not

by its more economical evaporation in

the boiler. Putting aside the merely
constructional improvements arising from
greater experience, better material and
appliances, steam boilers for land and
marine purposes are practically the same
as they were when the average consump-
tion of coal per horse-power developed
in the engine was about three times
that of the present day. It may even
be said that we have retrograded rather

than advanced, as forty years ago a

higher evaporative economy was preva-

lent in Cornwall than is found there or

anywhere else now. In that district, in

1846, an evaporation was recorded per
lb. of coal of 12.89 lbs. of water from
212°. In the marine practice of the
present day the average evaporation per
lb. of coal is probably not more than 0.6

of this Cornish economy, while in those
high-speed steamships which maintain an

average of about 17 knots across the At-

lantic, it is probable that barely half of

this evaporative duty is reached. This
great falling off in evaporative economy
in boilers of the present day must not,

however, be ascribed to less knowledge,
but to the different conditions and ne-

cessities imposed by great industrial

progress. The conditions under which
the high economy of the Cornish boiler

was obtained are incompatible with ma-
rine requirements. They would also, as a
rule, be impracticable or unprofitable if

applied to land boilers, especially in pop-
ulous districts. Time and working space
are every day growing more valuable. A
maximum of power in a minimum of

space is being more and more sought for.
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This demand is diametrically opposed to

the essential conditions by which the

high Cornish economy was obtained.

The rate of combustion was from 3 to 4
lbs. of coal per hour per square foot of

grate, accomplished by careful restriction

of the air admission to the furnaces. The
proportion of heating surface to water
evaporated was from six to seven times that

of the average in marine boilers. A
comparatively low temperature in the

high chimney gave an adequate draught
for the slow combustion, and permitted
the heating of the feed water by the

waste gases after leaving the boiler.

Add to these precautions the most thor-

ough protection of the whole boiler from
loss of heat by radiation, and we have
the conditions by wbich the high evapo-

rative economy was effected in Cornwall
forty years ago.

Though the necessities of our day
render this cumbrous and slow system
unsuitable for our steam supply, yet it

must be acknowledged that the fact of

the higher evaporative power now re-

quired from boilers being obtained only

with a great sacrifice of evaporative

economy is inconsistent with the general

advance in engineering science, and con-
trasts unfavorably with the marked eco-

nomical improvements in the engine or

motor. I hope, however, to show that

this anomaly is not incapable of being
removed, and that even a much higher
evaporative power than now prevails may
be had from boilers, along with a higher
evaporative economy than is found in

present practice, that, in short, an ap-

proach may be made to the unequaled
economy of the Cornish slow combustion
system with an evaporative power, it may
be ten times greater. Experience has
hitherto shown generally that, with slow
combustion judiciously carried out, a
high evaporative economy has been ef-

fected by natural draught, but as the
rate of combustion has increased the
evaporative economy has steadily fallen.

Further, when combustion has been
raised by forced blast to a rate much
higher than is possible by natural
draught, the evaporative economy has
decreased in a still higher ratio. As it

is important at this stage to elucidate the
causes of this unsatisfactory result, I

will endeavor to do so before describing
how the difficulty may be overcome.

Combustion by natural draught in

boilers at the rates now prevalent is nec-

essarily more or less wasteful and imper-
fect, because the velocity given to the air

supply, even with the sharpest draught,

is insufficient to cause it to penetrate
and mix with the fuel over the whole area
of a furnace of ordinary dimensions, and
further, because a very considerable por-
tion of the heat of combustion is required
to rarefy the air in the chimney to main-
tain the draught, this expenditure in-

creasing with the rate of combustion.
Unless, therefore, a much greater supply
of air is admitted to the furnace than is

required theoretically for perfect com-
bustion, it is found that, owing to un-
equal distribution and imperfect mixture
of the air with the fuel over the area of

the furnace, part only of the oxygen en-

ters into union with the combustible
gases and carbon of the fuel, the remain-
der passing to the chimney unassimilated.

The unavoidable consequence is that a

considerable portion of the carbon leaves

the boiler unconsumed as carbonic oxide.

Smoke is also formed in large quantities,

and though this objectionable product
contains in itself but a small portion of

carbon, it is always an indication of im-
perfect combustion, and of more import-
ant constituents of the fuel being wasted.
On the other hand, if, in order to secure
the more complete combustion of the
fuel, an increased admission of air is

made to the furnace, then the excess of

air—which must always be largely be-
yond the quantity required for perfect

combustion when properly carried out

—

reduces the temperature of the furnace,

and consequently the ratio of evaporative

power, and, what is still more wasteful,

robs and carries off to the chimney a
large percentage of the total heat of the
fuel.

The wastefulness arising from imper-
fect combustion caused by restricting the

air supply as described, may be estimated
from the following data. When perfect

combustion is effected by the chemical
union of two atoms of oxygen with one
of carbon forming carbonic acid, 14,500
units of heat are evolved from 1 lb. of
carbon, but when from imperfect combus-
tion only one atom of oxygen unites with
one atom of carbon and carbonic oxide is

formed, only 4,400 units of available heat
are evolved from one lb. of carbon. The
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loss arising from this imperfect combus-
tion can therefore be calculated by ascer-

taining the proportion of carbonic acid to

carbonic oxide in the waste gases, noting

also the quantity of air passing away with

its oxygen unassimilated. The wasteful-

ness arising from admitting excess of air

in order to obtain more complete com-
bustion and reduction of smoke, is esti-

mated by ascertaining the quantity of air

admitted in excess. About 11 tons of air

are required for the perfect combustion
of one ton of ordinary coal, if no portion

of the air is wasted. Double this quan-
tity, or even a larger proportion is fre-

quently supplied. If double the quantity

be assumed, this 11 tons of superfluous

air must be heated from the combustion
of the one ton of coal, and not only
greatly reduces the temperature of the

furnace, and its evaporative power, but
in leaving the boiler at a temperature, it

may be 600° or more, higher than it en-

tered the furnace, it thus carries off a

large percentage of the heat of the fuel.

The loss stated in figures caused by this

11 tons of superfluous air leaving the
boiler at 600° above the entering temper-
ature is 11 x 2240 x 0.246 (the specific

heat of the escaping gases) = 6061.4,

which x 600 = 3,638,840, the loss in

units of heat, being fully 12^ per cent, of

the total heat of combustion of the ton of

coal, taking the efficiency of the coal at

12,600 units per lb.

The dilemma, therefore, in which every
furnace operator finds himself when
working with natural draught, is the
choice of admitting either a moderate
amount of air to the furnace, and having
in consequence an imperfect combustion,
with much smoke and considerable waste
of fuel, in carbonic oxide passing to the
chimney, or of admitting air greatly in

excess of what is required for perfect com-
bustion properly effected, and obtaining
therefrom a more complete combustion
at the cost of a large waste of heat carried
off to the chimney by the superfluous air,

besides the reduction of the evaporative
power of the boiler by the dilution of the
furnace temperature. Of these two sources
of loss, unfortunately, the greater is gen-
erally that arising from the too liberal

supply of air, consequently the hotter
furnace, with increased steam and much
smoke, is preferred by all stokers to the
cooler furnace with diminished steam and

less smoke. We thus find, unless it is

restricted by the most severe penalties,

smoke polluting the atmosphere in every
place where steam power is used, hanging
over our manufacturing towns like a cloud,

and marring the most beautiful rural

scenery, as well as our finest rivers and
estuaries ; a nuisance which apparently

owes its toleration to its universality.

The imperfections such as enumerated
attending the combustion of coal by nat-

ural draught, with the limitation of the

supply of steam, often further effected by
the state of the draught and quality of

coal, have led to frequent attempts during
the last thirty or forty years to effect

combustion in boiler furnaces by air sup-

plied by mechanical means above atmos-
pheric pressure. These repeated attempts,

however, have not hitherto been success-

ful, and, therefore, except in locomotives

and torpedo boats, supply of air by natur-

al draught is still in universal use for

steam boilers. The causes of failure,

though various and often not at first sight

apparent, become, nevertheless, obvious

when sufficiently investigated. A short

description of the most prominent of these

attempts to improve combustion by me-
chanical means may be of some interest.

The plan which has probably been most
frequently tried is that of forcing air by a

fan or other blower into a closed ash pit.

This mode of increasing the power of a

furnace, though apparently simple, must
always be disappointing, for the following

reasons :—If the coal on the fire-grate be
kept sufficiently thin to permit the oxygen
of the air supply to penetrate to the upper
layers of the fuel to effect combustion of

the inflammable gases, the quantity of air

passing through will be too great, and the

temperature of the furnace will be un-

necessarily reduced, and much loss of fuel

occur. If, on the other hand, the coal be
laid sufficiently thick to prevent an undue
quantity of air from passing through,

there will be a lack of air to consume the

combustible gases generated by the great

heat from the combustion of the lower

layers of fuel. Much smoke will in con-

sequence be produced, and also carbonic

oxide, so that in this case also less econ-

omy will follow than may be realized by
natural draught. This system of supply-

ing air to a furnace is likewise very severe

on the fire bars, and has other disadvan-

tages which time will not permit reference
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to. It is now exactly twenty-two years

since I constructed a boiler to try this

mode of effecting combustion by air un-

der pressure. The boiler was erected in

the yard in which it was built. It had a

short chimney, and the air was supplied

to the closed ash pit by an engine and fan.

The results of the trials were disappoint-

ing, and exactly of the character I have
•described. They were not, however, alto-

gether valueless, as they clearly showed
that forced combustion could not satis-

factorily be carried out on this system.

A second method resorted to for in-

creasing combustion in boiler furnaces is

that of exhausting the air in the chimney
or uptake by a fan, thus reducing the

pressure in the flues or tubes and fur-

naces, and thereby inducing a more rapid

current of air through the furnace both
below and above the grate-bars. This
plan, so far as the supply of air to the

furnace is concerned, is in practice more
workable than the plan previously de-

scribed, as the air enters the furnace not
only at a greater velocity than is attain-

able by natural draught, and is thereby
capable of being more thoroughly inter-

mingled with the fuel all over the furnace,

but being also balanced in pressure above
and below the grate-bars, the operations

of the furnace become much more easily

managed. This mode of creating these

advantageous conditions in the furnace
is, however, objectionable. The passing
of the hot gases of combustion through a

working fan of itself a mistake, practically

and theoretically. Even if it were possi-

ble for the machine to continue in work-
ing order under this ordeal for any length
of time, the hot gases, if leaving the boil-

er at no more than 480° above the enter-

ing temperature, would be twice the
volume of the air which entered the fur-

nace from the stokehold. A fan to ex-

haust the hot air would, therefore, require
to be at least double the capacity of one
which would have supplied the same
quantity direct from the stokehold to the
furnace. This plan, which is one of the
earliest tried, is therefore impracticable
for large boilers, and has only been occa-

sionally used in boilers of a limited size.

A third method producing the same
effect on the furnace as the last is that of

inducing a current by means of a steam
jet in the funnel. This plan is simple,

requires no working machinery, and is

within certain limits effective. It illus-

trates the advantage of mixing the air

more thoroughly with the fuel than is

possible by natural draught, as by its use
a greater evaporative power is obtained,

while the consumption of fuel per horse-

power of the engine is not more than the
rate per horse-power for natural draught,
notwithstanding the loss of steam by the

jet. The waste of water by this system
unfits it for marine boilers working at

high pressure, and it is not required in

land boilers with high chimneys. It is,

however, seen on a grand scale, and in its

most legitimate use, in the locomotive
boiler, where, instead of merely a small

percentage of the steam from the boiler

being used for the purpose of inducing a

current through the furnace, the whole
of the steam generated is used for this

purpose. The remarkable effect of the

powerful action of the blast pipe is well

known. It has increased the power of

the boiler at least six-fold that possible

by natural draught. What we owe to

this power of increased combustion is

simply incalculable. It is not too much
to say that the amount of traveling and
carriage of goods from end to end of the

kingdom could not have reached a tithe of

its present enormous extent but for this

powerful artificial supply of air to the
furnace of the locomotive boiler. An
average consumption of 100 lbs. of coal

per square foot per hour is burnt on the

fire-grate of an express locomotive, and
what should not be overlooked in the

consideration of this subject of combus-
tion under air pressure, this astonishing

rate of combustion is accomplished with
comparative ease and remarkable econo-

my.
A further method of improving com-

bustion, and especially of effecting smoke
prevention, which has been frequently

tried, is that of increasing the supply of

air to the fuel above the grate by currents

induced by steam jets. The steam jets

penetrate the fuel, carrying with them
the air to supply the necessary oxygen to

parts of the furnace which would not be
sufficiently reached by natural draught.

Combustion by this means is improved,
and smoke in large measure prevented.

This is not in itself an economical plan,

and it has several objectionable features.

For marine boilers it is for various

reasons unsuitable. It °ives another
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proof, however, of the advantages, within

limits, of an artificial supply of air above
atmospheric pressure, as the better com-
bustion it promotes compensates to a

considerable extent for its inherent waste-

fulness.

The most successful plan, in some re-

spects, that has hitherto been applied to

marine boilers is that of the air-pressure

stokehold or boiler-room, as used in the

torpedo-boats—a system so well known
to the members of this institution as to

render description unnecessary. The
air enters the furnace above and
below the fire-bars in the same manner
as by natural draught, but at the

increased velocity due to the differ-

ence of air-pressure in the boiler-room

over that of the atmosphere outside. The
results obtained in evaporative power
approach that of the locomotive boiler.

The comparatively small boilers used in

these boats, generally of the locomotive
type, under the powerful action of the

great supply of air to the furnace under
pressure, generate steam sufficient to im-

part a speed of twenty-five or twenty-six
miles an hour to the vessel. The success

of this system in torpedo-boats has led

our own and other governments to apply
it to large steamers having a number of

boilers with several furnaces in each. It

being impracticable to make air-tight a

large boiler compartment, and the coal

bunkers which must necessarily be in

open communication therewith, the plan
has been adopted of forming air-tight

chambers, or rooms, on the furnace ends
of each boiler, or pair of boilers, into

which the ah' is forced by fans working
on the deck above. These rooms contain
the coals being used by the stokers on
duty. Access to the chambers is obtained
by doors designed to prevent egress of

air. At the meetings of the institution

last year a most interesting paper was
read by Mr. R. J. Butler, giving much
valuable information regarding the appli-

cation of this system to H. M. steamships
Satellite and Conqueror. The results of

the trials in these steamers show that
much larger supplies of steam can be ob-
tained by this system with less discom-
fort to the stokers than would have been
possible from natural draught.

This statement appears, however, to

exhaust all that can be said in favor of

this system. Its practical disadvantages

are very considerable, even in war vessels,

and are more than sufficient to prevent
its application to mercantile steamers.

The chief defects of the system—and
they are serious defects—are its wasteful-

ness and its tendency to injure the boil-

ers. It is a system which may be char-

acterized as one for obtaining an increase

of power regardless of expense. x\fter

experiencing the impossibility of working
a furnace with air under pressure without
waste of fuel, unless most carefully stud-

ied precautions are adopted, I can state

without hesitation that the indiscriminate

admission of air in this system must be
wasteful of fuel in a very high degree.

The effect on the boilers themselves,

whenever a furnace door is opened, of

the rush at full pressure of a column of

cold air, equal to the area of the furnace

door, at a velocity from 80 feet to 100
feet per second, must be most injurious.

The furnace plates, as well as the tube
and other plates of the combustion cham-
ber, cannot but suffer severely, while the

great volume of cold air lowers the tem-

perature of the whole boiler, and greatly

neutralizes the benefit of the rapid com-
bustion of fuel. Mr. Butler did not state

in his paper the consumption of coal per

horse-power developed by the engines

when at their highest power, but indicat-

ed that when the power was much in-

creased beyond that obtainable by natural

draught, the expenditure rose largely out

of proportion to the increase of power.

Mr. Butler also stated that in the Sat-

ellite, after a few trials, each of several

hours' duration only, " a number of the

boiler tubes were leaky," and in the Con-
queror, after similar trials, that "both
seams and tube-plates were leaking,'' and
expresses the opinion in regard to the en-

durance of the boiler, " that the frequent

use of the forced draught would produce
a great diminution in the life of those

parts subjected to the intense heat."

From experience in working boilers on a

large scale in a similar manner, that is,

with sudden alterations of heating and
cooling, I can fully endorse Mr. Butler's

opinion regarding the short life of the

boilers, attributing, however, the injury

to the boilers not to the intense heat, but
to the sudden changes of temperature.

From the fact that the indications of in-

jury in the boilers of the Satellite and
Conqueror were not greater, I would in-
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fer that the water used was fresh, or, at

least, that the plates were entirely free

from scale when the trials were made.
"When scale is formed on the plates to any
extent, the injury from this mode of work-

ing becomes very marked. Altogether,

it appears to me that this system of in-

creasing combustion is, from its wasteful-

ness and the defects I have mentioned,
unsuitable for continuous working in any
large steamer. For torpedo boats with
one furnace, where the disadvantages are

minimized, this system may hold its place,

and as these boats are only occasionally

used, waste of fuel is, therefore, in them
of small importance.

I now come to describe a system of in-

creasing combustion artificially, which I

devised during the year 1880, having been
led to this arrangement by the remem-
brance of the causes of failure to obtain

satisfactory results in 1862, already al-

luded to, and also by observing the de-

fects of the different methods to which I

have referred. In the summer of 1882 I

had an opportunity of applying it to a

small marine boiler, 7 feet diameter by 7

feet 9 inches in length, having two fur-

naces each of two feet diameter. The re-

sults being satisfactory, I constructed a

boiler for the purpose of testing on a suf-

ficiently large scale the various important
advantages contemplated by the adoption
of this mode of working. This boiler is 10
feet in diameter by 9 feet in length, with
two furnaces, each 3 feet inside diameter.

The furnace tubes extend the whole length
of the boiler, the fire gases returning to

the front from a dry chamber at the back
end lined with fire-brick and other-

wise protected from radiation of heat,

through two separate stacks of tubes,

each stack having 45 tubes, 3^ inches ex-

ternal diameter. This boiler I erected in

a yard by itself in July last, with evapor-
ating tank, engine and fan, and other ap-

pliances suitable for testing results, and
have since then been engaged more or

less frecpiently in making trials under
various conditions. The principal ends
which I have endeavored to accomplish
satisfactorily are :

—

(1.) To effect with ease and certainty

complete combustion of fuel in the fur-

naces of ordinary steam boilers at all rates

from zero up to that of a locomotive boiler

if required.

(2.) To effect this combustion at all

rates, whether high or low, economically

as regards fuel.

(3.) To effect this economical combus-
tion rapidly or slowly in boilers of ordi-

nary character, either singly or in numbers,
without any change in the usual condi-

tions of stokeholds for boilers worked by
natural draught.

(4.) To effect the foregoing purposes
with less discomfort to the stokers

and attendants, and with less wear and
tear of the boilers and furnace fittings,

than is experienced when working in the

ordinary way with natural daught.

To attain the ends sought for under the

first head made it necessary to use air

under a pressure above the atmosphere,
such as is conveniently got from a fan,

with simple means of using more or less

of this air as required. To attain the sec-

ond point, that of economical combustion
at all rates, it was imperative that the

supply of air should not only be under
perfect control, but that the necessarily

varied quantities admitted per unit of

time or of coals consumed, should be ex-

actly ascertained ; and, further, its distri-

bution should be as nearly as possible

equal over the furnace, and limited as

nearly as possible to the theoretical quan-
tity for the weight of fuel being consumed

;

finally, that the waste of the heat of com-
bustion should be reduced to a minimum.
To accomplish the thud, it was necessary
that the supply of air to any single fur-

nace in a boiler, or to any boiler in a se-

ries, should be quite independent of the
supply to the other furnaces or boilers.

The advantages under the fourth head
follow from the more economical combus-
tion requiring less supply of fuel than
would be necessary with natural draught,
by the radiation of heat into the stokehold
from the furnaces being prevented, and
by the supply of air to the fan being made
to circulate through the stokehold. The
saving of tear and wear is due to the air

being introduced to the furnace so as to

preserve the furnace fronts and interior

fittings, and also to the prevention of the

usual injurious rush of cold air into the
furnace wrhen stoking, by suspending the
air admission when a furnace door is open.
The manner in which I have endeav-

ored to carry out these several purposes
will be understood more clearly by the
following description : On the front end
of the boiler an air-tight chamber or res-
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ervoir is formed of light plate iron, to

receive the air for combustion under
pressure from a fan. This air chamber
extends over the whole front of the

boiler, from some distance above the up-

per row of tubes downwards, so as to en-

close the furnaces and ash pits. The
smoke-boxes of each stack of tubes are

completely separated from the air cham-
ber by suitable castings, as are also the

furnaces and ash-pits, so that no air can

enter the furnaces or ash-pits except

through passages regulated from the out-

side by valves. The upper portion of the

reservoir extends outwards from the

boiler not more than the ordinary smoke-
boxes and uptake ; below, at the furnaces,

the reservoir in tin's case extends 7£
inches from the boiler, but this may be
reduced. On the front of the castings

which separate the furnaces from the air

chamber, the outer furnace doors and
ash-pit doors are hinged air-tight. At-

tached to the outer furnace doors by
studs, and moving on the same hinges,

are the inner and proper doors of the

furnaces, which shut on the inner front

plate in the usual manner. A dead plate

between the outer and inner front plates

separates the ash-pits from the furnaces
above the fire bars. Into these spaces

above the dead plate and between the

outer and inner furnace doors the air is

admitted in the desired quantity from
the common chamber by simple plate

valves, and after passing through perfor-

ations in the doors, at the sides, and
above the doors, is received into cast iron

boxes, which serve the double purpose of

rjrotecting the front plate and furnace
door from the great heat, and distributing

the air effectively among the fuel. The
air is admitted as required to the ash-pits

by separate valves.

By these arrangements the admission
of the air to different parts of the furnace
is kept under perfect control, the quanti-
ties admitted being ascertainable, and all

radiation of heat from the furnaces or
ash-pits prevented. The heat of the fire

gases after they leave the boiler is largely

utilized by causing them to pass up
through the tubes in the air reservoir im-
mediately above the smoke boxes, as

shown. While the hot gases pass through
the inside of these tubes, the cold air

from the fan entering by the pipe is made
to sweep right and left among the tubes,

carrying a considerable portion of the es-

caping heat downwards by the sides of

the smoke boxes to the furnaces. "When
a furnace or ash-pit door is opened for

stoking purposes, the air admission valves

for that furnace are closed, so that the

furnace may be operated on in a quiescent

state. No rush of cold air can thus pass
into the furnace, as in the air pressure
stokehold system, or even as in boilers

worked by natural draught. The saving
of the boiler from injury, and the preven-
tion of waste of fuel, by this means are

important features. When it is desired

to reduce or increase the rate of combus-
tion, the admission valves are opened or
shut as required, and with any given
pressure of air in the chamber, it is not
difficult, after a few trials, to establish

the required openings for different rates

of combustion, from zero to the highest

rate possible by the given air pressure.

When the admission valves are entirely

shut the combustion may be practically

suspended for hours, the fires continuing
more or less incandescent. By this

means a steamer may with ease be kept
lying under any desired pressure of steam
for any length of time, and without ten-

dency to blow off.

In erecting the boiler for trial, I pur-

posely made the conditions under which
it was to work as difficult in regard to

combustion as would ever be likely to oc-

cur under the most unusual circumstances
in actual practice. The funnel was made
only 15 inches in diameter and 21 feet

high from the fire grate. A still greater

restriction was the limiting of the air

heating tubes in the reservoir (through
which the whole of the fire gases issuing

from each furnace have to pass to the

common uptake) to fourteen in number
of 3^- inches external diameter. The ef-

fect of these restrictions and contractions

is to reduce largely the rate of combus-
tion with a given pressure of air. With
natural draught this boiler, as described,

generates steam very slowly. With 2

inches to 2^ inches of air pressure a com-
bustion of about 30 lbs. per hour per

square foot of fire-grate can be reached.

This rate could evidently be doubled with

a corresponding increase in outlet area,

or by increasing the air pressure, but the

latter would be undesirable where the

former can be accomplished. Under the

restricted conditions described, the boiler
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is worked with the utmost ease at any
rate of combustion up to the limit men-
tioned, and with absolute freedom from
smoke. In the numerous trials which
have been made during the last seven

months I have endeavored to ascertain

the following particulars :

—

(1.) The rates of combustion effected

by admissions of air varying both in

quantity and pressure.

(2.) The effect of different quantities

and velocities of air admission on evapor-

ative economy.

(3.) The most favorable modes and pro-

portions of admission and distribution of

air under different pressures.

(4.) The nearest approach to perfect

combustion chemically at various pressures

with the least possible admission of air.

It will be evident that the elucidation

of these various particulars with tolerable

accuracy requires a great number of trials,

and as each trial is frequently of five or

six hours' duration to ensure accuracy,

a great expenditure of time is involved.

Though the trials have been going on for

the time mentioned at about an average
of one per week, they are not yet so com-
plete as to enable me to establish defi-

nitely the best proportions and velocities

of air admissions above and below the
fire-grate for all rates of combustion. I

can as yet ouly give approximations,
though the conditions which yield the
most favorable results are more or less as-

certained. As I mean to continue these
trials, I hope to be able to give fairly com-
plete statements on some future occasion.

At present the time at my disposal will

only allow of a few remarks describing
the mode in which the trials have been
carried out. In ascertaining the effect of

the admission of air above as well as un-
der the fire-grate, trial was made with
different areas of apertures, and of differ-

ent pressures of air on equal areas. For
example the trials were begun with a
limited aggregate area in the holes of the
air-boxes inside the furnace, this area be-

ing gradually increased until it was found
that the increased area added little to the
rate of combustion, while the evaporative
economy became sensibly reduced. The
admission below the grate was also tried

with various areas of air inlet apertures
and pressures, and their effect noted on
the combustion and evaporation.

In the course of these trials some inter-

esting results were noticed. For example,
when the air admissions above and below
the fire-bars were regulated in certain

proportions to each other, if the admission
openings above were then decreased, and
those below increased to about the same
amount, a much higher rate of combustion
took place than when the process was re-

versed by increased admission above and
decreased below. This difference arose

from the changes produced in the balance
of pressure in the furnace. When the press-

ure is relieved somewhat above and in-

creased below, the air passes much more
rapidly through the fuel in its passage to

the chimney, with a correspondingly more
rapid combustion, than it does if, with the
same aggregate admission, the pressure

is increased above and decreased below.

In this case the current upwards through
the fuel is greatly checked, and propor-
tions could be so regulated that the cur-

rent through the fuel could be nearly pre-

vented by the pressure above. At the
same time the admission of air above the
fuel in proper proportions serves most
important purposes, and contributes to-

wards realizing the highest economy. It

has also an important effect in preserving
the furnace fittings and fire-bars. I have
referred to the great destruction of fire-

bars caused by working with the closed

ash-pit system. The cause of this destruc-

tion became evident to me after I had sev-

eral trials with the new system I am de-

scribing, as in it the admission above the
bars tempers the velocity of the air through
the fuel from below, while the fuel is kept
in perfect combustion above. "When the
pressure of air is entirely from below, as

in the closed ash-pit system, with a suf-

ficient depth of fuel on the grate and a

given air pressure, the bars can be melted
by the intense heat generated in the lower
layers of the fuel. I find, on examination,
the fire-bars and air boxes in the boiler

I am operating with are still sharp on the
corners, and as good now as when put in,

after making with them all the trials I
have mentioned, and consuming in some
cases about 30 lbs. of coal per square foot
per hour. This is an important practical

result in the working of the furnaces with
air under pressure.

The chief point, economically, towards
which I have been working in these trials

is the attainment of a high rate of com-
bustion with a minimum admission of air.
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that is, an admission as near to the theo-

retical limit as can be practically reached.

This is no easy matter, and requires to be
worked towards step by step. The trials

would have been in great measure a

groping in the dark, even with the appli

ances described, but for the apparatus

devised to ascertain by measure of the

quantity of air entering at different parts

of the furnace above and below the fire-

bars at the various pressures used. This

device, which occurred to me after several

trials were made, is the application of an
anemometer, with an apparatus in which
the same conditions as to entering and
back pressures are created as those which
exist in the part of the furnace into which
the air is being admitted. The velocity

is read off without difficulty, and the di-

mensions of apertures being known and
temperature ascertained, the volume of

air is exactly calculable. The system of

measurement, combined with chemical

analysis of products of combustion, en-

ables one to work with intelligence and
certainty. These trials have strikingly

shown the great difficulty of obtaining

a high rate of combustion with forced

blast, without admitting a most wasteful

excess of air. It is comparatively easy to

obtain a high rate of combustion, but very
difficult, unless suitable adaptations are

used, to combine a high rate of combus-
tion with economy. In the small boiler,

which I first tried with a very complete
combustion, the evaporation was very low
per lb. of coal, entirely owing to the ex-

cess of air. In the present boiler the

evaporation has already reached a very

fair economy, though not within a con-

siderable amount of what is yet almost
certain to be attained.

What has already been accomplished
shows that from 9^ to 10 lbs. of water, at

212°, could be evaporated in boilers at

sea, from 1 lb of Scotch coal, with a rate

of combustion of 30 lbs. per square foot

of grate per hour; but there are good
grounds for expecting that an evaporation

of even 12 lbs. may yet be reached with a

rate of combustion from 40 to 50 lbs. per
hour per square foot of grate. It should
be explained that the boiler I have used
for these trials, with the furnace arrange-

ments described, is not intended to repre-

sent the best mode of carrying out this

system of combustion. It is merely a

boiler suitable for ascertaining results un-

der various conditions. There are several

changes now being made in the fittings in

the light of the results already accom-
plished, which will, without doubt, increase

the evaporative economy without reduc-
ing the rate of combustion. Compared
with the working of boilers by natural

draught, the advantages which this system
of combustion by air under pressure gives

may be summed up as follows :

(1.) Complete combustion of fuel of all

qualities, under conditions in which com-
bustion could not efficiently be obtained
by natural draught.

(2.) The power of regulating with ease

the amount of combustion desired from
zero to many times that possible by nat-

ural draught, also the capability of main-
taining the fuel in the furnace incandes-

cent for a considerable time without ap-

preciable consumption.

(3.) A great reduction in the size or
number of boilers required to produce a

given power and the capability of increas-

ing the power in steamships far beyond
that now attainable with boilers worked
by natural draught.

(4.) Greater economy in producing
steam from the following causes—(a)

From more complete combustion of fuel

than is attainable by natural draught with
a reduced admission of air. (b) From the

higher temperature of the furnace arising

from the more perfect and higher rate of

combustion, and from the air supply be-

ing partially heated before entering the

furnace, (c) From the utilization of the

waste heat of the escaping gases, (d)

From the prevention of heat from the fur-

naces and ash-pits being radiated into the

stokehold, (e) From the much less ex-

penditure required to supply the air of

combustion from a fan than is required to

heat a column of air in a chimney to ob-

tain supply by natural draught, (f) From
preventing the cooling down of the boil-

er by a rush of cold air to the furnace

when a furnace door is opened.

(5.) Less discomfort in stoking, the

stokehold being kept fresh and cool by
by the radiation of heat from the furnaces

being prevented, and the fan drawing
fresh air into it continuously independent-

ly of ventilators.

(6.) The complete absence of the great

nuisance of smoke in the use of steam
power.

(7.) The abolition of all unsightly
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chimneys in town and country now neces-

sary for combustion by natural draught.

The economic advantage of supplying

the air of, combustion by mechanical

means, instead of by the rarefying of a

column of air in a chimney by heat, as in

natural draught, is given in the conclud-

ing illustration. I close this paper by
giving an example of the reduction which
(basing on there suits I have already

attained ) may with safety be made in

the number and dimensions of boilers in

large ocean steamships. I take, for com-
parison tne Oregon, the latest of the large

high-speed Atlantic liners. The published
accounts give the boilers as nine in num-
ber, each 16 feet 6 inches diameter, length

18 feet, with eight furnaces, or seventy-

two in all, each 3 feet 6 inches in diam-
eter. Fire-grate, 6 feet in length, making
a total fire-grate of 1,512 square feet.

Proposed indicated horse-power, 12,000
;

assumed consumption of coal per indicat-

ed horse-power per hour, 2.6 lbs. Total
consumption per hour being thus 31,200
lbs., or 13.92 tons. I have here assumed
the consumption per indicated horse-

power at 2.6 lbs. per hour, without in-

quiry, as there might be reasons for her
owners or builders withholding this in-

formation. It is well known, however,
that the high speeds in these large

steamers are only maintained by a con-
siderable sacrifice of economy ; and I
have, on the authority of the managing
owners of another high-speed Atlantic

steamer of about same size and power,
that 2.6 lbs. does not over-state the rate

of consumption in their experience. I

am not aware that 12,000 indicated horse-

power has been actually attained in this

steamer at sea, but if it has, it could only
be attained by stoking of the most severe
character. The enormous space occupied
by these boilers and by the coal bunkers
can easily be calculated from the above
particulars.

Using data already verified by actual

trial, the boilers, which, on the system of

combustion I have had the honor to bring
before you, would easily supply steam to

the engines sufficient to develop 12,000
indicated horse power, would be six in

number, 15 feet in diameter, with six fur-

naces only in each boiler, or thirty-six in

all, each 3 feet 9 inches diameter. The
fire-grate 4 feet 6 inches long, making an
aggregate of 641.25 square feet of grate.
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The consumption of coal in the engines

working from the boilers, I believe I may
safely assume as 1.6 lb. per horse-power

per hour, seeing there are engines which
approach this rate of consumption sup-

plied with steam from boilers worked by
natural draft, having a lower evaporative

economy. The consumption of coal at

this rate is therefore 12,000x1.6= 19,200

lbs., being 8.57 tons per hour, or 320 lbs.

per minute. In comparing the expendi-

ture incurred in supplying the air for

combustion by an engine and fan in the

one set of boilers with that incurred by
supplying the same by natural draught
in the other of these two sets of boilers,

I will assume that the air supply to the

furnace per lb. of coal consumed is the

same in both cases, though the reduction

of the air admission is one of the chief

objects of my system of mechanical sup-

ply. Assuming the air supply to the fur-

nace to be at the very moderate rate of

15 lbs. per lb. of coal consumed, and that

the temperature of the escaping gases of

the boilers with mechanical supply is 300°

less than the escaping gases of the boilers

with natural draught, we have now the

means of calculating the required expend-

iture of each form of air supply. This
difference in temperature I assume, be-

cause it would be realized in practice.

One of the essential points in this system
of forced combustion is the reduction of

the temperature of the escaping gases to

a point far lower than would be possible

in such boilers worked by natural

draught.
Taking first the boiler with natural

draught, consuming 31,200 lbs. of coal per

hour, or 520 lbs. per minute, we have the

weight of air supplied to the furnaces for

combustion 520 X 15= 7,800 lbs., to which
has to be added the gaseous products of

combustion, or the weight of coal less.

the ash, which, if taken at 7^- per cent,

will give 7,800 X (520-39) =8,281 lbs. as

the total weight of gaseous products
passing up the chimney per minute, from
the combustion of 520 lbs. of coal. With
the specific heat of the escaping gases at

.246, the total units of heat wasted or

expended in obtaining the power of com-
bustion by natural draught beyond that

required to supply air by a fan (the tem-

perature of the escaping gases being
300° higher in the former case than
in the latter, as explained) are therefore
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8,281 x .246 x 300 = 611,137 units less

the equivalent of the power required

for the fan supply. The mechani-
cal equivalent in horse-power of these

m lorr •+ pi , 611,137x772
611,137 units of heat is

33,000

14,296 horse-power. This, of course,

supposes the total heat converted into

work, and expressed in horse-power units.

The actual value of this expenditure of

heat is correctly stated in the ratio of the

economy of the engines and boilers,

which, at 2.6 lbs. per indicated horse-

power per hour, is very nearly a utiliza-

tion of one-twelfth of the total heat of

combustion of coal of average quality;

therefore, 14,296-12=1,191 is the actual

horse-power equivalent of the 300° heat

lost in maintaining the temperature of

the funnel in the natural draught boilers.

Coming now to the boilers with the

mechanical supply of the air of combus-
tion, and consuming 19,200 lbs. of coal

per hour, or 320 lbs. per minute, and tak-

ing the weight of the air supplied per lb.

of coal at 15 lbs., as in the natural draught
boilers, we have 320x15=4,800 lbs. of

air supply required per minute for the

combustion of 320 lbs. of coal. The vol-

ume required at 60°, or 13 cubic feet, per
lb., is, therefore, 4,800x13=62,400 cubic

feet. To supply this volume per minute
from three fans, each having discharge

orifices 30" diameter, or 6.25 square feet

area, giving a total area of 18.75 square
feet, a velocity of 55.46 feet per second is

required, as 18.75x60x55.46=62,400.
The horse-power required to supply this

weight of air at this velocity per second
W. v\

is found by the usual formula, —-

—

Here W=- \„ or 80 lbs. air per second,

and

60

80X55.46
3

64
=3,845 foot lbs.,per second,

i 3,845 _ .

and __. =7 horse-power nearly.
550 l J This

7 horse-power is the power required to

supply the whole air of combustion for

12,000 indicated horse-power, supposing
perfect efficiency in the fans, and in the
engines that drive them. Assuming 75
per cent, efficiency in the engines, and 50

per cent, in the fans, we have ——

—

Q _, , 9.3'X100 1Q _ ,.
75

=9.3 and — -=18.6 as the gross
50

horse power for supplying the total air of

combustion to the furnaces mechanically.

This 18.6 horse-power as against an ex-

penditure equivalent to 1,191 horse-power
(required to maintain a temperature in

the funnels necessary to give a sufficient

supply of air by natural draught to boil-

ers supplying an equal quantity of steam),

shows the vastly superior economy of the
mechanical supply of air to boilers, if this

air is otherwise judiciously used. The re-

duction in the weight and number of the

boilers, of the space occupied in the ves-

sel, and the saving of coal in a vessel of

the power of the Oregon, and proportion-

ately in other large steamers, by the adop-
tion of the system of combustion I have
endeavored to explain, could not fail to

effect the commercial character of these

large vessels to a very remarkable extent.

The considerable increase recently at-

tained in several new large passenger
steamers over the highest speeds previ-

ously prevailing has only been reached at

very great cost. The principal carrying

part of the vessels is filled with boilers

and coals, and the expenditure in this de-

partment in forcing the vessels to their

speed is seriously extravagant. To at-

tempt a still higher speed with the present

system of natural draught would be com-
mercially ruinous, even if physically pos-

sible. The system of combustion in

boilers which I have had the honor to

bring before you would not only, I believe,

permit the highest speed yet attained to

be maintained with comparative ease and
economy, but would also, I am convinced,

allow of still higher speeds being com-
mercially possible.

REPORTS OF ENGINEERING SOCIETIES.

ri^HE Institution of Civil Engineers.—The
JL Council have awarded the following pre-

miums in respect of the original communica-
tions submitted during the session 1883-84:—

For Papers Bead at the Ordinary Meetings.
1—A Watt Medal and a Telford Premium to

Sydney Walker Barnaby, Assoc. M. Inst. C.E.,
for his paper on " Hydraulic Propulsion."

2—A Telford Medal and a Telford Premium
to Samuel Bagster Boulton, Assoc. Inst. C.E.,

for his paper on '

' The Antiseptic Treatment of

Timber."
3—A Telford Medal and a Telford Premium

to William Foster, M.A., F.C.S., for his account
of "Experiments on the Composition and De-
structive Distillation of Coal."
4—A Telford Premium to William Tregarthen

Douglass, Assoc. M. Inst. C.E., for his descrip-

tion of "The NewEddystone Lighthouse."
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5—A Telford Premium to James Atkinson
Longridge,* M. Inst. C.E., for his paper on
"Wire Gun Construction."

6—A Telford Premium to William Hackney,

f

B.Sc, Assoc. M. Inst. C.E., for his paper on
"The Adoption of Standard Forms of Test-

pieces for Bars and Plates."
7—The Manby Premium to George Henry

Stayton, Assoc. M. Inst. C.E., for his paper on
" Wood Pavement in the Metropolis."

For Papers Printed in the Proceedings without
being Discussed.

1—A Telford Medal and a Telford Premium
to Thomas Andrews, Assoc. M. Inst. C.E.,

F.R.S.E., for his paper on "Galvanic Action
between Wrought Iron, Cast Metals, and Vari-

ous Steels, during Long Exposure in Sea-
water. "

2—A Telford Medal and a Telford Premium
to Francis Collingwood, M. Inst. C.E., for his

paper "On Repairing the Cables of the Alle-

gheny Suspension Bridge at Pittsburgh, Pa.,

U.S.A."
3—A Telford Premium to James Henry Ap-

john, M.A., M. Inst. C.E., for his note on "The
Area of Sluice-opening necessary for the Sup-
ply Sluice of a Tidal Canal."
4—A Telford Premium to Thomas Gillott,

M. Inst. C.E., for his paper "On the Basic,

Open-hearth, Steel Process."
5—A Telford Premium to James William

Wyatt, Assoc. M. Inst. C E., for his communi-
cation "On the Art of Paper-making by the
Machine, as Exemplified in the Manufacture of

High-class Writings and Printings."
6—A Telford Premium to William Santo

Crimp, Assoc. M. Inst. C.E., for his account of
" The Wandle Valley Main Drainage."

For Papers Read at the Supplemental Meetings

of Students.

1—The Miller Scholarship to Alfred Richard
Sennett.J Stud. Inst. C.E., for his paper "On
the Electric Light."

2—A Miller Prize to Peter Chalmers Cowan,
Stud. Inst. C.E., for his notes on "The New
York, West Shore, and Buffalo Railway and
the Methods used in its Construction."

3—A Miller Prize to Walter Osmond Rooper,
Stud. Inst. C.E., for his account of "Emery
Wheels, and Emery-wheel Machinery."
4—A Miller Prize to Richard Moreland (ter-

tius), Stud. Inst. C.E., for his paper on "Con-
structional Ironwork for Buildings."
4—A Miller Prize to Edward Woodrowe

Cowan, Stud. Inst. C.E., and a Miller Prize to

James Fawcus, Stud. Inst. C.E., for their joint

paper descriptive of "A Light-draught Launch."

ENGINEERING NOTES.

Alaege planing machine in the Charles-
town Navy Yard, at Boston, built in

1866-69 by S. Wilmarth, is described by the
Boston Globe as the largest one in the world.
"Its total weight is 300 tons ; extreme length,
55 ft.; width, 31 ft.; height, 29 ft. It will plane
a piece of metal 18 ft. square and 45 ft. long. It

will also plane at right angles or vertically. It

will plane a piece weighing 200 tons if required

at any given angle, and is capable of boring,

turning, slotting, or splining to a depth of 4 ft.

and at any taper indicated. The lightest class

of work is accomplished with great rapidity

and accuracy. Among other specialties it will

bore, turn, and cut gear wheels of any required
size up to 40 ft. in diameter. It will bore and
spline propellers of any size and weight."

nn he Water Supply of Venice.—Those who
_L have stayed in Venice have learned what

it means to be dependent for water upon an
army of men, who with barges fetch a daily, or
rather nightly, supply of liquid, rarely fit to

drink, across the lagoons from a stream empty-
ing near a place called, if we remember cor-

rectly, Servola. These old travelers, and those
who have yet to visit that much-visited city,

will be glad to learn that the inauguration of
the Venice Waterworks, by which a real piped-
water supply is carried into the romantic city,

took place on the 23d of June last, and fully

realized the expectations of all concerned in

this piece of hydraulic engineering, which is

internationally interesting. The contract for

the works has been carried out by the Public
Works' Company of Italy—Messrs. Breda & Co.
including the construction of the reservoir and
filter beds at Moranzano on the mainland, and
the laying of the pipes under the Laguna to the
city of Venice of a total length of 6,460 meters,
of a diameter of 80 centimeters—31. 5 in.—and
the laying of the total length of mains in the
thoroughfares and canals of 25,706 meters of a
diameter of 30 centimeters—11. 8 in. In the
course of laying these mains they were taken at

eighty-five places across canals, and twice
across the Grand Canal, work which involved
considerable difficulties. The work also in-

cluded the construction of an engine house and
reservoir at St. Andrea, the erection of a pair of
50 nominal horse-power engines, together with
laying on the water to all the principal build-
ings and hotels in the city. The work was
commenced early in January, 1881, and was
consigned to the entire satisfaction of the con-
cessionaires on the 23d of June, 1884. The
concession was originally granted to Mr. D. C.

Dalgairns, C.E., of Palermo and Penge, in 1876.

upon provisional plans and studies then de-
posited, and the works have been carried out
on the definitive plans presented bv him on the
23d of June, 1877. The company to which the
property now belongs is the Societie des Eaux
pour les Etrangers, of Paris, which was formed
for the purpose of carrying out this scheme in

January, 1879. Probably no city in the world
had more urgent reason to obtain and maintain
an excellent water supply than Venice. Venice
lives upon the pleasures of all the nations of the
world, and she could not afford that the fear-

full}7 bad supply upon which she has depended
from time immemorial should drive away even
a few hundreds of the many thousands of her
visitors. She has therefore gone to the Brenta
for water, and now her visitors may at any
time, instead of occasionally, have a glass of

water to drink, or may even have a bath.

Count Dante Serego degli Allighieri, the Sindaco
of Venice—a descendant of Dante—through
the medium of G. G. Maranzoni. of Venice, has
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expressed his deep sense of gratitude to Mr
Dalgairns on the successful inauguration, and
adds, " The city of Venice is truly alive as to its

indebtedness."

—

Engineer.

IRON AND STEEL NOTES.

EF. Mtjshet on Blowholes in Steel and
. Cast Iron.—The creators of the age of

steel have ransacked creation to find methods
of preventing or lessening, or altogether stop-

ping, these blowholes, with more or less suc-

cess, but with a great deal more of failure. As
Mr. W. H. Fryer has justly observed, these cells

are formed or inflated by hydrogen gas. Take
away now that gas, and you will take away the

cells ; but as long as blast furnaces and Besse-
mer converters are blown with damp atmos-
pheric air. the hydrogen and the blowholes will

more or less be there. Why not dry the air, and
try the matter fairly ? The drying can be
cheaply effected for, I suppose, 3d. or 4d. per
ton of metal ; but nobody appears to have tried

the process yet, although it has been before the

public, I think, for over two years. It is true

that under the withering blight of that enormous
sham called "free trade" iron and steel makers
have so much to do to hold their own, and to

grind down workmen's wages to the lowest
point, that they have not time or money to

spare to pay attention to improvements, how-
ever valuable and useful they may be. The dry
blast, however, is well worthy of a fair trial,

both in the blast-furnace and in the Bessemer
converter. Iron and steel can only get their

hydrogen from the blast, and if that blast is

desiccated, no hydrogen can be present to form
cells. To take pig-iron made—as all of it is at

present—with damp blast, and blow it in a
Bessemer converter with dry blast, would not
be conclusive, for both the blast-furnace and
the converter should be blown with dry air, so

that no hydrogen could possibly be present.

, I have said that the drying is inexpensive, say
3d. per ton ; but I had forgotten for a moment
that even one penny per ton is a serious amount
under our free trade prosperity, which is eating
like a cancer into every manufacture, cutting
down profits to zero, and, therefore, annihilating

capital and wage-paying power. There is a
ludicrous phrase, dear to the soul of the Cob-
denite. "Holding their own" is their panacea
If anyone can hold their own, that is, just

struggle on, short of a composition or bank-
ruptcy, the Cobdenites record it with pleasure.

Formerly, employers of labor looked for profits

;

now, if they can "hold their own," they must
be content. The very colliers are not safe from
the devouring maw of free trade, for coal is

being imported! Even the poor colliers have
to hold their own, if they can. When will the
petrified fossillized generation of Cobdenites
pass away, and so give home industries a
chance to thrive once more ? Free trade has
desiccated home industries, and given the bread
of the British workmen to foreigners.

To Tell Iron from Steel, in Small Pieces.
—A new fracture ordinarily furnishes the

means for classifying test pieces, but its appear-
ance is not a sufficiently safe guide in dealing

with good, fine-grained iron or very soft steel.

In order to effect the separation with ease and
certainty in such cases, Walrand has given a
simple method in the Memoires de la Societe des
Ingenieurs Civils, 1883, page 531. It is by ob-
serving the fracture of the test piece after heat-
ing and allowing it to take a blue color. The
tiial can be conducted in the following manner.
Take a test piece about twenty-five or thirty

centimeters long and make a slight scratch
about four or five centimeters from the end.
Then heat one end slowly and uniformly to a
dark red color (325° to 400° C.) and cool it in
water. During the cooling, while the piece is

still warm, it must be rubbed with a file from
time to time, until the shining metallic surface
laid bare, has assumed a dark yellow, or better,

blue color, when it is to be cooled quickly and
completely. The fractures of the piece broken
at the mark serve for comparison. Ordinary
wrought-iron broken when cold appears fibrous
or crystalline ; but, treated as above, its fracture
is dull, irregular, and of short fibre. Hard and
moderately hard steel are fine grained ; after the
heating and subsequent treatment, they have a
shining, totally or partially, smooth fracture.

Swedish iron has only traces of fibers and is

hardly to be told from soft steel ; after treat-

ment the fibers become distinct, the smooth
appearance is lost, and the iron becomes so

much the more distinguishable from soft steel

treated in the same manner.

—

Dingier's Poly-
technisc7i.es Journal.

rjpESTS of Iron and Steel Girders.—Some
I very accurately conducted experiments

were recently made by the Dutch government
to test the relative strength of iron and steel

girders. Hard and soft steel girders were put
in comparison with iron girders of a good
quality. The tests were made by specimens' of

the materials from which the girders were
made, and also by actual finished girders. Each
of the steel girders showed a large increase in

strength over the iron girder. The soft steel

girders proved 22 per cent, stronger, and the

hard steel girders as much as 66 per cent,

stronger. The greater strength of the soft steel

over the iron in the specimens submitted was
fully attained, and even exceeded, in the gird-

ers. The hard steel girders did not show so

large a percentage of greater strength over the

iron girder as did this material in the specimen
over the iron in the specimen. This, however,
may be accounted for as the result of punching
the rivet holes without reaming, for a girder

with punched holes gave way during the trials

by a fracture of the tension flange, whereas a
girder with reamed holes gave way in the com-
pression flange, and probably would have stood
more before fracture had taken place in the ten-

sion flange. The latter girder did not appear
to bear truly upon its supports, and it was
prabably this which caused it to fail in the top
flange when it did. Punching rivet holes with-
out reaming did not produce any results other
than an apparent loss of strength, as compared
with reamed holes. The trial pretty well estab-

lished that the strength of steel girders, strained
as these were, is about the same for the two
flanges if thev are made alike in section.

—

Iron.
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RAILWAY NOTES.

It is stated on official authority that there are
now 3,000 miles of railway in operation in

Brazil. There is scarcely a province bordering
on the ocean that has not one or more railways,
and all lead to the west, or toward the interior.

In the most southerly province, Rio Grande do
Sul, the Porto Alegre Railway, now open 91
miles to Cachoeira, is being built by the State,
and partly for strategic purposes. Steady in-

crease has been lately made in extending several
lines ; new lines have also been commenced,
and there is reason to suppose that the develop-
ment will annually increase, though the broken
surface of Brazil generally, and especially the
mountains near the sea-coast, are great obstacles
to the rapid development of railway construc-
tion. None of the railways have yet penetrated
to the vicinity of wild or public lands. Some
of them traverse extensive areas of uncultivated
land, but as yet no grants of land have been
made in aid of railways. The Brazilian Gov-
ernment, however, has extensively guaranteed
the payment of interest on railway capital. Its

annual burden for the payment of such interest
amounts now to a very large sum. The rails

for all the lines have to be imported, and the
greater part are purchased in England. Many
of the locomotives are imported from the United
States. It may be also mentioned that several
American civil engineers have gained distinc-
tion by their services in Brazil, but the field now
appears to be occupied by native talent. At the
same time, several English railway companies
naturally employ English engineers.

—

Engineer.

A great Railroad event in South America.
—A great event in Buenos Ayres has

been the recent completion of the Andine Rail-
way to Mendoza, capital of the province of that
name, and lying at the foot of the Andes. The
importance of this event cannot be exaggerat-
ed ; the line, it may be said, crosses the conti-
nent, stretching from the Parana to the Cordil-
lera. A zone of immense natural wealth is thus
thrown open by this quick means of communi-
cation, and the traffic on the line promises to
be very large. Mendoza is one of the richest
provinces of the republic ; it covers an area of
about 5,000 square leagues of land at the foot
of the Andes, with a population estimated at
150,000 souls. The rivers Mendoza, Tunuyan,
Desaguadero, Diamante, and Atuel irrigate over
1,000 square leagues of land, and the soil is so
bountiful that the yield is often a hundredfold.
A very active trade is carried on in the export
of fat cattle to Chili, but the great industry of
the present and future is viniculture. The
Mendoza wines are well known ; the production
is doubling every two years. The great draw-
back of the past—onerous and difficult means
of communication—is now removed, and the
development of all the industries of the province
may be looked forward to. The mineral wealth
of the province is said to be beyond calculation.—Iron.

Railway Accidents.—A blue book has been
issued, giving returns of accidents and

casualties as reported to the Board of Trade by
the several railway companies in the United

Kingdom during the first three months of the
present year, together with reports of the in-

specting officers of the railway department to
the Boai'd of Trade upon certain accidents
which were enquired into. Among the acci-
dents reported were 10 collisions between pas-
senger trains or parts of passenger trains, by
which 120 passengers and four servants were
injured; 14 collisions between passenger trains
and goods or mineral trains, by which 13 pas-
sengers and four servants were injured ; nine
collisions between goods trains or parts of
goods trains, by which two servants were killed
and seven injured; 16 cases of passenger trains
or parts of passenger trains leaving the rails, by
which two servants were killed and four pas-
sengers and four servants injured ; and 32 cases
of trains running over cattle or other obstruc-
tions on the line, involving injury to four pas-
sengers. The total number of persons killed on
railways in the United Kingdom in the course
of publie traffic during the past three months
was 254. The injured numbered 990. This is

a decrease as compared with the corresponding
period in 1883.

—

Engineer.

ORDNANCE AND NAVAL.

(Compound Armor Plates.—The Danish Gov-
J ernment, following the example set by

England, France, Italy, and other maritime
powers, has decided in favor of the adoption of

English compound armor plates, as superior to

all others for the protection of ships against

modern rifled ordnance. This was only to be
expected. It would, indeed, have been surpris-

ing to find a government such as that of Denmark
arriving at any other conclusion, after the ex-

perience gained at the trials which have been
made throughout the world of iron, steel, and
compound armor plates. The latter have in-

variably proved superior to all other means of

protecting a ship's side, and, although it was at

one time thought that the influence in Copen-
hagen of the French Creuzot works was power-
ful enough to influence the Danish government
to use solid steel plates to protect their ships,

the final decision arrived at last week shows
that the Danes are determined to use the very
best material they can procure, irrespective of

its nationality. It will be remembered that at

the last trials on the island of Amager, near
Copenhagen, both the Ellis and Wilson systems
of facing iron plates with steel were tried. The
Danes have now decided to adopt the latter sys-

tem, as being, in their opinion, superior to the

former. It has come to be admitted by all

naval powers that compound armor is far

better able to withstand the heavy blow of the

projectile thrown bjr modern ordnance than are

either solid steel or iron plates ; and, since steel-

faced plates are solely made in Sheffield, this

English industry will be busy for many years
to come. Russia, howevei, is alive to the ad-

vantages of producing at home all the material
required for its navy .- and Messrs. Cammell &
Co. have recently received an order from the
Russian government to forthwith set up works
within its frontiers for the manufacture of Wil-
son's compound armor plates. The armor for

the French ships Duguesclin, Vauban, Requin,
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Caiman, Admiral Baudin, Dupere, Furieux, and
Tonnerre, is being made in France on the Wil-
son system. That of the Indomitable was
manufactured in Sheffield by Messrs. Cammed
&Co.; as were also the plates for the Russian
Vladimir Monomach, the Chinese Chen-Yuen,
the Braziliac Riachuelo, the Italian Italia, and
many other modern ships of foreign govern-
ments. Our Admiralty use both Wilson and Ellis

compound plates, it not being deemed expedient,
where so many ships are constantly in course of

construction, for the government to be solely de-

pendent on one firm.

—

Army and Navy Gazette.

Machine Guns in the Field.—At the meet-
ing of the Royal United Service Institu-

tion,held on July 4,Capt. Lord Charles Beresford,
R.N.,read a paper on the above subject. There
were several specimens of those weapons on the
floor of the theatre—a Catling, with ten barrels,

worked by means of a crank ; a two-barreled
Gardner, and a couple of Nordenfelts, one of

them mounted on a carriage complete.
Lord Charles Beresford said that, as a naval

officer, he had a certain amount of hesitation in
taking up a question which officers of the army
might naturally think belonged peculiarly to

themselves. At the same time, it must be re-

membered that the navy had had more actual
experience in the working of machine guns in
the field than any other portion of Her Majesty's
service, and guns for this purpose were sup-
plied to the navy, but not to the army. A
machine gun proper was a gun without recoil,

or, in other words, was a weapon which did not
require re-laying after every shot There were
two entirely distinct kinds of such guns ; the
one a shell-firing gun, and the other a bullet-

firing, or rifle-caliber, gun. International law
did not admit of any explosive projectile under
14 ounces in weight, and the weight of a
machine gun throwing such a projectile would
detract from its value as a machine gun, and
would make it almost artillery. Dealing with
the small-bore caliber gun, to which he should
confine himself, Lord C. Beresford discussed the
recent trials at Poona of a ten-barreled Norden-
felt, and showed that the results were equal to
the fire of seventy men with rifles, and 80 per
cent, better than the hits from four 7-pounder
mountain guns. He pointed out the value of
the guns to the landing party at Alexandria in

1882, and proceeded to demonstrate the value
of the weapon to artillery, cavalry, or infantry.
He quoted the words of eminent military men
in all branches of the service, giving some cases
where guns had been of value, and others where
days would have been saved and reputations
upheld by the presence of a couple of machine
guns. An instance was at Maiwand, where, he
said, if there had been any machine guns the
guns would never have been lost, the cavalry
would never have been kept so many hours in-

active under a heavy fire, and the day would
have been saved. He described the machine
guns mounted on galloping carriages, and men-
tioned a few engagements in which the English
troops had been fighting where a machine gun
mounted as described would have been of infin-

ite service. He urged that it would be better to

do away with the limber altogether, and com-

mented severely upon the disaster likely to re-

sult from a mixture of ammunition, quoting an
instance where a box of Gatling ammunition
got mixed with the ordinary ammunition, and
where if the men had attempted to use the cart-

ridges, the result would have been that every
rifle would have been virtually spiked, as the
discharged cartridges could be got out only with
great difficulty. In conclusion, Lord Charles
Beresford said that the machine guns of the
present day are accurate, rapid in their fire, and
terrible in their man-killing power is beyond
doubt; whether they can or cannot be better
utilized for the services is a grave question for
consideration. For volunteers they would ap-
pear to be admirably adapted, and the London
corps under Colonel Alt have lately demonstated
(as far as drill can do, and in the recent sham
fight at Portsmouth) how exceedingly useful
they might be. Artillery officers, as a rule, are
supposed not to look upon them with favor,

but most of the arguments used against them
appear to treat them as guns instead of clusters

of rifles, which they really are. In the course
of a discussion which followed, Admiral Boyes
expressed the opinion that it was a sine qua
non that the ammunition for machine guns
should be the same as for guns used in the field.

Captain Colomb remarked that the navy, to a,

man, considered that the age of the machine
gun was just commencing. Major Lewis re-

ferred to instances where single-barreled ma-
chine guns would be most useful. Other officers

also took part in the discussion.

BOOK NOTICES.

Publications Received.

tempeeatuee of the atmospheee at the
Eaeth's Suefaoe. By Peof. William

Feeeel. Washington : Government Printing
Office.

L' Assainissement Suivant le Systeme War-
ing. Paris : Baudry et Cie.

Papers of the Institution of Civil Engineers :

No. 1927. The Canadian Pacific Railway. By
J. C. James and Allan Macdougall.
No. 1988. The Alleghany Suspension Bridge.

By Francis Collingwood, M. Inst. C.E.
No. 1966. Wandle Valley Main Drainage. By

William Santo Crimp, Asso. M. Inst. C.E.
No. 1958. Wire-Gun Construction. By James

Atkinson Longridge, M. Inst. C.E.
No. 1968. Hydraulic Propulsion. By Sidney

Walker Barnaby, Asso. M. Inst. C.E.
Proceedings of the Engineers' Club of Phila-

delphia.

Foeestey in Noeway. Compiled by John
Ceoumbie Beown, LL.D. London; Simp-

kin, Marshall & Co.
The student of Physical Geography will find

much to interest and to instruct in this little

vokime. All the conditions of climate and soil

that influence the growth of vegetation are fully

discussed.
How completely the physiography of Norway

is presented, may be inferred from the follow-

ing list of chapter headings ; General features

of the country ; Forest Scenes ; Mountain Plat-

eaux ; Distribution of trees in Norway ; Con-
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ditions upon which distribution depends ; Con-
ditions of distribution in Norway ;

Temperature;
Rainfall ; Rivers ; Lakes ; Winds ;

Geological

Formations : Mountains and Fields ; Snow
fields and Glaciers ; Mechanical action of Gla-

ciers : Saeter life ; Valleys, Forest Exploitation,

and the Timber Trade ; Shipbuilding and Ship-

ping ; Forest Devastation : Remedial Measures.
This is one of the lesser contributions to the

literature of Forestry from the pen of this indus-

trious writer, but it will be widely read for the

information it affords on other topics.

/""> TJIDE DER NlVELEUE. Par J. VeRRINE.
V~T Paris : Paul Dupont.
The different methods of leveling, from the

Tudest to the most finished, are elaborately de-

scribed in this little book.
The instruments are classified as of three

kinds, the builder's level and the old water level

representing the first class; the pendulum
level and the reflecting level, the second class,

and the engineer's telescope level the third class.

Two full chapters are devoted to the different

forms of rod and the errors to which they may
respectively give rise.

Section and cross-section work with notes,

profiles and graphic solutions of earthwork
problems form the matter of the four conclu-
.sive chapters.

Nearly two hundred illustrations are inter-

spersed throughout the text.

ATeeatise on Peactioal Mine Ventila-
tion. By Eugene B. Wilson. New

Tork ; John Wiley & Sons.
The author of this little treatise explains in

his preface that he '

' has endeavored to deal
with ventilation in such a manner that no one
with a fair knowledge of the English language
and of arithmetic need despair of thoroughly
mastering it.

"Knowing that the miner possesses but a com-
paratively small stock of words, and is not an
adept in algebraic formulas, the writer has
taken a different position from the standard
works on the subject, endeavoring to do away
with abstruse language, and such highly mathe-
matical formulas as are only calculated for well
educated engineers."
The omission of abstruse language has been

laMy well observed, but in some instances at a
large expense of accuracy. For example, the
author says of oxygen, '

' It devours everything
with which it can unite ; it corrodes metals,
decays fruits, promotes combustion, and is a
prime necessity for health.

"The body is a stove in which fuel is burned;
the chemical action being the same as in any
other stove."

Again on page 25 occurs the following

;

" The ' motive column ' is a ' head of air " of
such a height that it will equal the difference
between the weight of the downcast and upcast
columns of air."

This is followed by an incorrect formula :

M=DX t—

t

x

The explanation is furthermore afforded that— '

' The relative diameters of the shafts make
aio difference upon the total pressure, so far as

the considerations regarding ventilation are

concerned. This is termed the ' pneumatic
paradox.' "

All that is not abstruseness in this last para-
graph is misinformation. It should, however,
be stated in justice to the author that the illus-

trated examples serve in most cases to set the
reader right, and would prevent the learner, if

he followed the arithmetical examples, from
serious practical mistakes.
A faulty definition, however, may lead the

student astray to his future disadvantage. Such
an one appears on page 47

:

" Coefficient of friction is a term used to
represent the constant resistance met with by
air during its journey through the mine."
The typography and the arrangement of the

formulas are exceedingly good.

Sorghum : Its Culture and Manufacture,
Economically Considered as a Source

of Sugar, Strup and Fodder. By Peter Col-
lier, Ph. D. 8vo, cloth, Cincinnati, R. Clarke
&Co.
The development of an important industry is

an achievement deserving of great honor, and
so when an American chemist establishes ©n a
solid basis a new American industry, unquali-
fied praise is due to him.
In 1877, at the request of the head of the

Agricultural Department at Washington, D. C.
Professor Collier undertook the examination of
Sorghum and maize as sugar-producing plants.

Since that time much of his ability and energy
has been devoted towards the practical solution

of these questions, with special reference to
Sorghum. The different annual reports of the
chemist give the results of careful investigation

and show a steady progress in his work. Ex-
periments were made for the purpose of deter-

mining the best varieties of the plant for culti-

vation, the conditions of soil, the effect of
fertilizers, the most suitable forms of machinery.
These and other like topics came up for consid-
eration and were successively studied. Before
long, factories were established at various
localities throughout the country. Certain of

these were unsuccessful while others flourished
until, in 1882, the statistics given in the annual
report of the Agricultural department for that
year show a production of 510,780 lbs. of sorg-
hum sugar. In 1883, upwards of 850,000 lbs.

were reported, and to-day probably more than
1,000,000 lbs. are being manufactured. Accord-
ing to the census returns of 1880 the production
of sorghum syrup is given as 28.444. 202 gals.,

while in 1860 only 6,749,123 gals, were obtained.
Such, in brief, is the history of the development
of sorghum sugar industry.

In the book before us, we find arranged in
the most admirable order, a discriminating and
judicious selection from the information which
Prof. Collier has accumulated from his experi-
ence and researches. In his own words it in-

cludes "the most important facts relating to

the economic production of sugar, syrup, and
fodder from sorghum. " As an authority on this

subject, the author stands second to none. He
is an enthusiast, and as he is conscious of the
truth of his statements, conviction that he is

right will follow from a perusal of them.
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Prof. Collier has done much to benefit his fel-

low citizens, he has also suffered severely from
adverse criticism. It will be the mission of

this book to widen and extend his influence,

to increase his reputation, and to bring about

a full realization of his most sanguine hopes for

the sorghum industry.

rpEXT-BooK of Descriptive Mineralogy.
_|_ By Hilary Bauerman, F. G. S. London

:

Longmans & Co.

We have here a descriptive treatise on miner-

alogy, though only the more important species,

scientifically or economically speaking, are de-

cribed in detail.

The subject of nomenclature is considered at

some length. The author remarks that " names
founded on physical or chemical peculiarities

are, as a rule, among the most uncouth and in-

convenient, and as they are not unfrequently

founded upon false analogies, some trivial char-

acter, or one that may be common to many other

minerals being selected as a specific distinction,

a knowledge of their etymology is not always of

advantage as an aid to the memory." Mr.
Bauerman holds,very judiciously, that in the case

of minerals worked as ores the ordinary com-
mercial names should always be used where
possible. "Thus for all purposes copper-py-

rites, tinstone, and zinc-blende are preferable to

calkopyrite, cassiterite, and sphalerite."

The author's classification is substantially the

same as that followed in the second edition

of Rammelsberg's work. The statements of

localities are generally on a level with the most
recent discoveries. The only mineral of com-
mercial importance which we miss is bauxite,

which certainly does not figure in the index.

The illustrations, being printed from the blocks

used in Brooke & Miller's work, are excellent,

and contribute greatly to the value of the work.
Chemical News.

Steam and Machinery Management. By
M. Powls Bale, M.I.M.E., Assoc. M.I.C.E.

London: Crosby, Lockwood & Co., 1884.

This work forms one of "Weale's Rudimen-
tary Series published by Messrs Lockwood &
Co.—Owing to the great and increasing com-
petition of the present day in every branch of

manufacture, it cannot be denied that it becomes
increasingly necessary to exercise every econ-

omy that will either lessen the cost of produc-
tion or increase the efficiency of the plant em-
ployed. It must be admitted that a considerable

loss often arises through inefficiently managed or

badly arranged machineiy ; and this subject is

now attracting a considerable amount of atten-

tion, with the result that many old manufactories
have been remodeled and new ones built and ar-

ranged with appliances to reduce manual labor

and the cost of production to the lowest possible

limit. As a portion of the matter contained in

the author's recently published work, Sawmills :

their Arrangement and Management, would,
with modifications and by the addition of other
chapters, be made more or less available to

general machinery users, and be issued at a less

cost than that work, he has with this object in

view especially written some fifty pages, and
issued Steam and Machinery Management. The
variety of machinery and manufactures being

so great, the author has only selected a few-

kinds ; but most of the hints being general, and
not arbitrary, they may be modified as circum-
stances majr dictate. What has now been writ-

ten by the author may be found of some use by
those who intend erecting machinery or who
have it already in operation.

MISCELLANEOUS.

IN the last paper of the session read by Mr.
Stayton, C. E., at the Institution of Civil

Engineers, the aggregate length of the streets

of London was given as 1,966 miles, of which,
excluding 248 miles in course of formation,
1,718 miles are thus maintained by various au-
thorities, namely : Macadam, 573 miles

;
gran-

ite, 280 miles ; wood, 53 miles ; asphalte, 13£
miles ; flints or gravel, 798i miles. The exist-

ing area of wood pavement is 980.533 square
yards, and its estimated cost £600,000. Not
more than 4.38 per cent, is east of the city or
south of the Thames.

Automatic Lighting of Beacons.—In Amer-
ica a system of automatic beacon lights

has been adopted. Each beacon is furnished
with a reservoir of sheet iron, containing gas-

under a pressure of fifteen atmospheres. The
quantity is sufficient to light the beacon for three
months ; and fresh supplies are periodically

delivered by a vessel which conveys the gas
from the factory. A clockwork installed in the

beacon, turns on, and lights the gas at the hour
fixed for this purpose. The experience' of
several months has served to test this plan and
it has proved so far successful. Attendants
live on the shore near the beacons, and see if

they are working properly.

Professor G. Forbes has made some obser-
vations on a magnetized chronometer

watch. The watch went slow several minutes
a day. He found the rate to vary with the po-
sition of the watch with respect to the cardinal
points and also in a vertical plane. He traced
the variation of rate to magnetization of the
balance spring, the bar and the screws. The
fact that it varied with position suggested that
a magnetized ship's chronometer might be
made which would integrate the course and
give a mean course. Messrs. E. Dent & Co.
had since fitted a gold spring and a platinum
iridium balance to the chronometer, and ren-
dered it non-magnetizable.

A survey of the coal lands of the Canadian
North-West has just been made under

the directions of the Dominion Geological
Survey. Approximate estimates of the quantity
of coal underlying a square mile of land in

Bow and Belly rivers district give in one case
4,900,000 tons, in two cases 5,000,000, and in

another 9,000,000 tons. The coal is, in general,

exposed on the surface, and there is conse-
quently little labor necessary to the working of

the mines. Though no Government surveys
have been made in the surrounding districts,

coal-bearing strata are known to extend to the
north and west of the parts from which coal is

now being taken.
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THE MISSION- OP SCIENCE:
AN ORATION DELIVERED AT THE PHILADELPHIA MEETING (SEPT., 1884) OF

THE AMERICAN ASSOCIATION FOR ADVANCEMENT OF SCIENCE.

By Vice-Pbesident ROBERT H. THURSTON, Chairman of Section D (Mechanics).

Before taking up the subject which I

have selected as a proper one for discus

sion in a vice-president's address, on this

occasion, I desire to give expression to

my sense of the great honor which has
been conferred upon me in calling me,
for a third time, to the chair of vice-

president of the American Association

for Advancement of Science, and to pre-

side at the sessions of the section. In
taking the position to which your too

favorable judgment has called me, it is

my first and most pleasant duty to thank
you for this most unequivocal testimony
of the confidence which you repose in me,

and to assure you of my earnest de-

sire to do what little my opportunities

and my powers may permit toward mak-
ing your sessions both pleasant and
profitable, and toward promoting the

prosperity of the great association to

which we are proud to belong.

We are especially favored, the present

year, in having with us members of our
great sister society, the British Associa-

tion for Advancement of Science, who
have come to join us from Montreal,

where the meeting of that society has
just been held, and where they have
taken part in proceedings of no less im-

portance than interest. It is our pleas-

ant duty to tender to these gentlemen a

hearty welcome, and to endeavor to make
Vol. XXXI.—No. 4—19

their visit to the " City of Brotherly Love "

one that shall leave in their memories
so many reminiscences of agreeable ac-

quaintances made, of strong friendships
begun, of open handed and open hearted
hospitalities, and of profitable and inter-

esting discussions, that they may never
forget the cognomen of this noble city.

If we shall be able to give them but a
suggestion of the pleasure and the profit

gained by those of our own number who
were so fortunate as to be able to accept
their generous and whole-souled greet-

ings at Montreal, we may well be con-
tent. We can at least do our best to

convince them that the capital of the
" Keystone State," the first capital of the
United States, is at least as well entitled

to the fraternal regard of our British

guests as is the beautiful Canadian city

from which they are just come.
As time goes on with steady and un-

varying sweep toward the eternity of

the future, and as our two nations, our
one, hardly divided, people, are becoming
bound more and more closely by every
interest, and by all memories of the past,

by all the sympathies that are engendered
in the breasts of members of one race
and of one great family ; and as we are

more and more closely tied by the bonds
typified by the continually increasing

number of the great cables of steel
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nerves that stretch across the ocean

which now only nominally separates us,

and as we find the once seemingly infi-

nite expanse of that ocean narrowed by
that most wonderful of the products of

the growth of the science and the

art of mechanics, the modern steam-

ship, until the weeks of the past

have become the days of the present

;

as we are beginning to realize the

fact of the true unity of the human race,

and the duty that lies with us to promote,

in every one of the thousand ways that

men of science, more than all other men,

can effectually work, that spirit of self-

abnegation and philanthropy, regulated

by the principle of intelligent and honor-

able self-protection, upon which we are

beginning to see that we must, and ought
to, rely for the amelioration of the count-

less evils which are to-day a consequence

of selfish and unintelligent human ac-

tions, this bond becomes strengthened in

numberless ways. We fully realize that
" in union is strength,'' and that the

fraternal sentiment which we hope that

these meetings are effectively promoting
may be a very important factor in the

solution of a problem—that of the reduc-

tion of the sum of evil in the world

—

which has been earnestly studied by every

thinker since the world began. In be-

half of the members of this body, I ex-

tend the right hand of fellowship to our

guests, and bid them heartily welcome to

all that we may be able to offer, and to

share with them, at this meeting.

Gentlemen of the section and friends

who have honored us with your cheering

presence. It is just two hundred years

since, in deference to the enlightened

views of Sir John Cutler, the Chair of

Mechanics was founded in the Royal So-

ciety of Great Britain. May we not

hope that this Section of Mechanics of

the American Association for Advance-
ment of Science may prove to be worthy,

in its interest, its fruitfulness, and its

stimulation of other and greater work, of

so grand an anniversary"?

THE MISSION OF SCIENCE.

I have selected the subject of my ad-

dress on this occasion, "The Mission of

Science,'' as one peculiarly appropriate to

the time and the occasion.

Seven years ago, at the Nashville

meeting, I was called, by the members of

what was then Section A of this associa-

tion, to take the chair, in the absence of
the regularly elected vice-president for
that meeting, and performed the pleasant
task of reading an address, prepared by
him, on the " Endowment of Science."

Before the meeting of 1878, at St. Louis,
in the regular course of my duties as

vice-president, and as chairman of the
same section, it became necessary to pre-

pare an address to be delivered before
the association, and the subject then
chosen was " The Philosophic method of

Advancement of Science," or, perhaps
more explicitly, The Science of the Ad-
vancement of Science. In the first of

these addresses, the attention of the as-

sociation was earnestly called to the
necessity of increasing the efficiency of

scientific work, and of making most
fruitful the labor of the comparatively
few workers in this field, in the United
States, by securing such an endowment
of research as is now, fortunately for

our nation, becoming usual in the depart-

ments of higher education. In the second
of these discourses, I endeavored to point
out what, in my opinion, is the truly

scientific method of securing the great-

est possible results with minimum ex-

penditure of life, strength, mind and
matter, and at least cost to the world.

I defined science, substantially, as

knowledge systematically organized. I

then called attention to the facts that it

consists of two divisions : knowledge of

phenomena gathered by observation and
experiment, and knowledge of laws con-

trolling and correlating these phenomena.
As then stated, "all science is thus made
up from the infinite number of facts

which are comprehended in the universe

of the known and the to be-known. Its

existence is assured by the stability of

all those principles of philosophy which
are woven into the connecting chain."
" The man of science, the philoso-

pher whose task it is to create and
to advance all human knowledge of

the great kingdom of nature, is, there-

fore, a discoverer of facts, an observer of

phenomena, a student of Nature's laws.

He is a systematic recorder of facts, and
a codifier of laws." It was shown that

all science has for its foundation the

great, the fundamental principle of the

indestructibility of "the two products of

creation, matter and force, and the fruit
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of their union, energy." The next step

in the argument led to the classification

of the forces of nature into physical— in-

cluding chemical—vital, mental, and " the

master-power, Omnipotence, which is the

source and the sustainer of all exist-

ences," and this division leads nat-

urally to a similar division of science

into physical, biological and mental sci-

ences. It is with the first of these grand
divisions of science, only, that we are

concerned.

The scientific method of advancing

science was shown to comprehend a sys-

tematic collection of all facts and phe-

nomena, as exhibited to the senses in the

course of our experience, either by simple

observation or by carefully conducted ex-

periment ; the systematic arrangement
of the knowledge so obtained, and the

registration of this knowledge in natural

order and relations : the study of such
recorded facts of science with the pur-

pose of ascertaining the laws that define

their relations ; the similar co-ordination

of separate collections of such related

facts and laws, for the purpose of detect-

ing the character and the mathematical
form of the more general laws that may
determine the relations of group to group
and of science to science; and, finally,

the aggregation, if it prove to be pos-

sible, of all science into one universal

system comprehending all the phenom-
ena of nature.

To accomplish this great work there

are needed several classes of workers,

each of whom, to secure maximum effi-

ciency, must be a specialist, and must
give his time and his thought and his

strength mainly to a single line of work.

We must have observers, each of whom
should be fitted by every natural endow-
ment for the study of nature, and for

the investigation, by direct experiments
intelligently planned and skillfully con-

ducted, of the natural phenomena which
are characteristic of, and, perhaps, pecu-
liar to, his branch. We must have phil-

osophers capable of perceiving and ex-

pressing the relations of the phenomena
so collected, and of thus revealing to us
the laws of each of the sciences. We
need men who can perceive and exhibit

the relations of the several sciences to

each other, and their positions in the

scheme of universal science. Finally,

we require a still larger and more direct-

ly useful class, the teachers of science

and the no less important body of labor-

ers who make application of science in

all the arts of daily life and work.

But all of these classes being organ-
ized, and all the fields of work open to

man being assigned to them, each taking

his proper division of the great task,

progress would be but slow, and, in these

days almost at a standstill, but for the
aid of still another body of co-laborers,

who, without pretending to deep knowl-
edge in any division of science, without
possessing talent for research, either in

the laboratory or in the study, and unable
often to realize all the beauty and all

the importance of the mighty work that

they are helping on, nevertheless gener-

ously devote the fruit of years of toil and
the product of enormous activities and
energy to the cause. These are those
who have given, and who are still gener-

ously and liberally giving, material assist-

ance by their splendid contributions to

the scientific departments in our colleges

and of our technical schools. The en-

dowment of research, which will certainly

ere long become an acknowledged and
legitimate division of this work, is, after

all, as essential an element of the scien-

tific method of advancing science as
either of the others. Those who give of
their substance to aid in the promotion,
of science are entitled to hardly less

honor than those who devote life and
health and strength to the good work.
Those who take part in the endowment
of research are the truest and greatest of

modern philantlnxypists.

When we have thus ascertained what
is the philosophic method of the advance-
ment of science, and have determined
how we may most efficiently carry on the

work in the true spirit of the " science of

science-advancement," we may find it to
our advantage to pause, and to ask to

what end is all this labor to be applied.

What is the object of directing this enor-

mous array of intellectual power into the
field of scientific inquiry'? Having set-

tled upon the form of the system, and
the details of the mechanism by which
this development of science is to be se-

cured with greatest ease, accuracy and
rapidity, to what purpose is this great

scheme to be applied ? What is the use,

and what is the object, of systematically

gathering knowledge and of constructing
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a great, an elaborate, system having the

promotion of science as its sole end and
aim ? What is " The Mission of Sci-

ence ?"

The mission of science is the promo-
tion of the welfare, material and spirit-

ual, physical and intellectual, of the

human race. It has for its purpose and
its object the improvement, in every im-

aginable way, directly and indirectly, of

the mind arid the body, the heart and the

soul, of every human being. It is charged
with the duty of seeking the cause of

every ill to which mankind is subject ; of

finding a remedy for every misfortune to

which the race is now liable ; of amelior-

ating every misery known to sage or

savage ; of seeking ways of giving to all

every comfort and all healthful luxuries
;

of reducing the hours of toil, and offering

to the relieved laborer intellectual occu-

pations that shall at once take from him
all temptation to waste his life in indo-

lence and dissipation and give him aid in

his feeble efforts to climb upward into a

higher life ; of enlightening the world
intellectually ; of giving it leisure to per-

fect itself ethically, and to gain those ele-

ments of character that are so sadly

crushed out by the terrible pressure of

our incomplete civilization, sentiments of

honor and justice, feelings of love and
sympathy, and a spirit of devotion that

can only be found highly developed in

either the- simple child of nature, or in

the soul that has time, in the midst of a

driving world, to reflect, to aspire and to

grow. The true mission of science is one
that extends far beyond the workshop of

its servants ; it extends far beyond our

ken, and beyond the range of our mental
grasp and farthest view. The great fact

that material prosperity is the fruit of

science, and that other great truth, that

as mankind is given opportunity for

meditation and for culture, the higher

attributes of human character are given
development, are the best indications of

the nature of the real mission of sci-

ence, and of the correctness of the con-

clusion that the use and the aim of scien-

tific inquiry are to be sought in the

region beyond and above the material

world to which those studies are con-

fined.

The Mission of Science will be fulfilled

in precisely the degree to which it assists

us in the protection and preservation of

the individual, of the family and of the
nation

; just so far as it aids each mem-
ber of the race to attain the alloted term
of life, continuous health, and a maxi-
mum of happiness, while, at the same
time, giving him the opportunity to assist

his neighbor most effectively in the en-

deavor to reach the same ends, and so far

as it stimulates him to do well every
duty that comes to him whether in his

private or his public relations. It will

aid every citizen in his efforts to gain the

most that can be secured by the practice

of industry, skill, intelligence and frugal-

ity, to obtain the comfortable independ-
ence that every man hopes to enjoy in

his old age, and the means of carrying
his children on to a higher plane than
that upon which he himself entered when
taking up his life's work.
The methods properly adopted in the

endeavor to prosecute this mission, so

far as they relate to the development of

the sciences, have been already summar-
ized. It has been seen that the method
is in itself scientific. Science first ob-

serves, then experiments with a view to

the revelation of new facts and unknown
laws by systematic research, then applies

the power of logic to the construction of

an organized, complete and exact system
of definite knowledge. First she col-

lects facts and records phenomena, then
she seeks to discover and exactly to en-

unciate the laws controlling them, and
finally produces, by the intelligent use
both of induction and deduction, a sym-
metrical and perfect whole. Thus she
creates systems of knowledge, and thus
she will sometime, we may hope, knit

these several systems into one great all-

embracing system of the universe.

But, while this scientific method of ad-

vancement of science is evidently that

which will yield the greatest returns, it

is not the fact that we are indebted to

such philosophic methods for the pro-

duction of the modern sciences. It is -a

fact which is more significant than sur-

prising that, as Whewell remarks, " art

J

has always gone in advance and science

has followed to give the reasons for the

phenomena discovered and the methods
found best in art.'' "Art is the parent,

not the progeny, of science," and, while

it is true that progress is always most
rapid and most satisfactory when art and
science go hand in hand, it has been al-
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most invariably the case that art has
struggled painfully and haltingly, and
doubtfully onward, in every department,
slowly and unsteadily advancing, yet al-

most always going before science, who
should have been her leader, her teacher,

and her most powerful supporter. This
fact is not to be considered as represent-

ing a natural state of things nor as in

the slightest degree discouraging. Like
every art, science, in each of its depart-

ments, has been passing through a period
of infancy, during which it knew neither

its powers, its object or mission, nor its

proper methods of work. It required
protection and the aid of art until it

should be fully formed and competent to

take up its labors and to requite the as-

sistance which had been given it. In the
past the arts have led ; in the future we
shall see science leading and directing

every development of the arts. History
tells us that bleaching and dyeing were
familiar arts before the science of chemistry
had a name ; the inventor of gunpowder
lived before Lavoisier ; the mariner's

compass pointed the seaman to the pole
before magnetism took form as a science

;

the steam-engine was invented and set at

work, substantially in all essential details

as we know it to-day, before a science

of thermo-dynamics was dreamed of ; the
telegraph and the telephone, the electric

light and the railroad, have made us fa-

miliar with marvels greater than those of

fiction, and yet have been principally de-

veloped, in every instance, by men who
had acquired less of scientific knowledge
than we demand to-day of every college-

bred lad.

But all this is of the past. Science
has attained a development, a stature and
a power, that gives her the ability to as-

sume her place in the great scheme of

civilization. Hereafter she will direct

and will lead. The blind, scheming ways
of the older inventor will give place to

the exact determination, by scientific

methods, of the most direct and most ef-

ficient way of reaching a defined, end, meth-
ods now daily practised by the engineer
in designing his machinery. Instead of

long, discouraging, and painful, efforts to

reach, a result which is indistinctly de-

fined, science will, hereafter, first deter-

mine just what is the end to be sought,
and then will show the direct line to that
end. Uncertainty will give place to cer-

tainty, and wasted work will be reduced
to the least possible amount.
The aids to science have been already

briefly referred to. They are partly ma-
terial, partly moral, partly intellectual.

In the very infancy of civilization the
most efficient aids were tendered freely

to science. The rulers of the earliest

historic nations gave encouragement to

the sciences, such as they were in their

day
;
governments founded universities

in the days of the Greeks and the Ro-
mans ; the greatest minds of those times
were led to turn their attention to phil-

osophy, and students in thousands
thronged the schools. Aristotle made a
rude yet definite beginning in the physi-
cal sciences ; Alexander endowed research
most liberally in the person of his great
master ; the same great warrior urged
upon Nearchus the prosecution of the
greatest of his plans of geographical
exploration, and gave him means to carry
out his schemes ; an enormous library

at Alexandria furnished the student the
then available knowledge of the world;
the enormous " museum " in which it

was preserved gave an impetus to science
that has never been lost ; Euclid, Archi-
medes, Eratosthenes, Hipparchus and
Hero, those wonderful men who gave us
geometry, taught us the elements of

mechanics, the principles of hydrostatics
and the lever, founded systematic as-

tronomy and physical geography, put on
record the earliest notions of the correct
form of the earth and the motions of the
moon, catalogued the stars, and meas-
ured their angular distances, and who
first used and described the germ of the
steam engine and a thousand other
mechanical inventions, were themselves
the product of an enlightened policy.

The Arabians transferred the seat of

science to the west, and erected her capi-

tal at the shore of the Atlantic. Experi-
mental science there had a new birth,

and the wealth of the Saracens, and the

intellect of the greatest among the Moors
and the Jews, there contributed to the
growth of real knowledge. Alchemy,
the parent of chemistry, was there born,

and her progress has never since been
interrupted. Marcus Graecus' gun-
powder, the more powerful acids, phos-

phorus, and systematic chemical methods
of investigation, are some of the products
of the intellectual activity of that time.
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Centuries later, and after a period of

stagnation and darkness, the light again

flashes up and this time it appears
in what is now the home of Euro-
pean civilization. The extension of

commerce leads to maritime discovery

;

the awakening of the people by these, to

them, startling discoveries, leads to prog-

ress in every direction. Galileo and
Bruno die that science may forever live ;

the invention of the telescope stimulates

astronomical discovery, and the forma-
tion of the modern science of the solar

and sidereal systems ; the magnificent la-

bors of Newton illustrate the progress
of the sciences of physics and mechanics.

Every branch of natural philosophy
grows and puts forth branches in turn,

and the idea of the universal dominion
of physical laws becomes accepted as a

foundation principle in science, and as

the basis of the operations of the uni-

verse. Geology, ethnology, physiology,

the broader science of biology, take form
and grow with astonishing rapidity; and,

with their growth, come the minor sci-

ences and the enormous mass of under-
lying facts determined by the now well-

established methods of scientific investi-

gation. Finally, in the later times, in

which the last three or four generations
have borne a part, science and art have
learned to work together, and have gone
on, hand in hand, each aiding the other,

art supplying facts, science finding out
nature's laws as illustrated in those facts,

and both, gradually, and more and more
rapidly and fully, revealing the beautiful

and wonderful system upon which the
world is constructed, and all its curious
operations carried on, while, at the same
time, applying useful knowledge, thus ac-

quired, in promoting the welfare of the
human race. Electricity and magnetism,
light and heat, and every form of physi-
cal energy and of active force, have be-
come revealed to man in all their rela

tions, and in all their methods of opera-
tion. Discoveries in physics and chem-
istry succeed each other with a rapidity
that taxes even the specialist who endea-
vors to keep himself informed in regard
to them. Mechanical inventions crowd
into our life with such wonder-work-
ing results that every day sees a new
task accomplished that, the day be-

fore, would have been regarded as
little less than miraculous. The human

voice is transmitted a thousand miles,

the written word is sent across the bed
of an ocean three thousand miles wide,

almost in less time than is required to

write it ; the traveler breakfasts at Boston,
dines at New York, and sups at Washing-
ton on the same day. Ten thousand tons
are transported from continent to con-
tinent, over fifty degrees of longitude, in

six days ; one workman, with the assist-

ance of machinery, produces more than,

a century ago, could a hundred men, do-

ing their best, in the earlier rude ways.

We read, in the beam of light, the dis-

tance and the rate of motion of the
stars, and learn in the same wonderful
system of ethereal waves, to determine
the nature of the matter of which those
stars are composed. Man is turning his

work in the world over to the more exact

and more powerful machines that he has
devised and built, and machinery here
weaves his cloths, there gathers his

grain, and yonder makes for mankind
other machines, doing its work with a

strength that is never over-taxed, and an
endurance that is never found to reach a

limit. Relieved from bodily toil, man-
kind is coming to that condition of social

life in which mental activity absorbs its

surplus energies, and the material and in-

tellectual development of civilization are

carried on together, and with continually

accelerated progress.

This is the history of the past, and
this is the picture of the growth of sci-

ence which we are to study to obtain an
idea of what shall be its future. When-
ever and wherever the mind has been set

free to study and to meditate, to observe
and to experiment, science has advanced,

and the whole race has felt the benefits

of her labors.

This work of science has always de-

manded the material assistance of ac-

quired wealth, and has given to the in-

vestment so made its highest return, its

best and most bountiful reward. When-
ever and wherever, in the future, science

shall have the substantial aid that she

needs to secure permanent and conve-

nient quarters, and to prosecute her
work, then and there will the progress of

mankind be accelerated ; and this accel-

eration will be in proportion to the com-
pleteness with which the scientific method
of promotion of science is adopted. The
characteristics of stationary periods, ac-
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cording to Whewell, are " obscurity of

thought, servility, an intolerant disposi-

tion, and an enthusiastic temper." Sci-

ence teaches exactness and clearness of

thought and expression, perfect inde-

pendence of mind, the most absolute tol-

erance of honestly held and frankly ex-

pressed opinion, and a quiet coolness of

action and a deliberation, however en-

thusiastic may be the nature of the

individual, that may be depended upon
to yield a correct judgment. The ra-

pidity of recent changes in our methods
•of work is due very largely to the intro-

duction and extension of these character-

istics of the scientific method, and to the

influence of the scientific spirit upon man-
kind.

It is only in modern times, and since

the old spirit of contempt for art, and of

reverence for the non-utilitarian element
in science, has become nearly extin-

guished, and since our systems of edu-
cation have begun to include the study
of physical science, that we have had
what is properly called a division of "Ap-
plied Science." In the days of classical

learning, science was only valued as it

developed a system of purely intellectual

gymnastics; the old Socratic spirit still sur-

vives, but is fortunately without influence

upon our modern life. Socrates rejected

and condemned all physical and mathemat-
ical science, and, seeking to impart his own
contempt for real knowledge to his dis-

ciples, urged upon them the study, exclu-

sively, of ethical philosophy, while, at the
same time, himself failing to give to his

followers a real system of morals. He
accused men of science of reaching vain

conclusions, while he was himself lost in

the labyrinth of his own indefinite and
baseless speculations. Plato followed in

the same track, developing splendid ideas

by uniting the power of a great intellect

with the brightness of primitive imagina-
tion, and awakening noble sentiments
while giving no assistance "to his poor
fellow-creatures who desired to conquer
the necessary leisure for the enjoyment
of life. Aristotle in physics, and Zeno
in ethics, employed the scientific method,
but their achievements were only appre-
ciated in proportion to their inutility.

Archimedes was the most perfect proto-

type, in those days, of the modern physi-

cist and mechanician, of the scientific man
and engineer

;
yet he, and all of his con-

temporaries, esteemed his discovery of

the relation between the volumes of the

cylinder and the sphere more highly

than that of the method of determining
the specific gravity of a solid or the com-
position of an alloy, and deemed the

quadrature of the parabola a greater

achievement than the theory of the lever

which might " move the world.'' His
enumeration of the sands of the sea-

shore was looked upon as a nobler ac-

complishment than the invention of the

catapult, or of the pump, which, twenty-
one centuries after his death, still bears
his name.
No system of applied science could

exist among people who had no concep-
tion of the true mission of science, and
it was not until many centuries had
passed that mankind reached such a po-
sition in their slow progress toward a

real civilization, that it became possible

to effect that union of science and the

arts which is the distinguishing charac-

teristic of the age in which we live. It

was not until the middle of the sixteenth

century that Copernicus and the modern
system of astronomy became possible

;

Columbus lived but a little earlier ; Gil-

bert, also, a little later, supplied a basis

for the science of magnetism ; Galileo ap-

plied his genius to the production of the

telescope. His first use of the new in-

vention was to earn martyrdom by its

appli cation to the proof of the truth of

the Copernican system, one of the most
splendid of all the achievements of ap-

plied science. The revelation of the

phases of Venus was one of the facts

which marks the conversion of the world
from the old Greek methods of scientific

thought. It was not until the middle of

the fifteenth century that Europe could

produce a Leonardo da Vinci, the first of

the great mechanics and engineers of

modern times. Taking up the work of

applying science where his predecessor,

Archimedes, had left it, seventeen cen-

turies before, he accomplished an amount
of work in the application of the physi-

cal sciences and of the science of me-
chanics, that few men in later times have
been able to approach, and none, prob-

ably, to equal. He revealed the theory

of the lever, extending the work of Ar-

chimedes to the mote general case ; he
was acquainted with the laws of hydrau-

lics, understood the nature and effects of
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friction, and, to a certain extent, its laws.

Stevinus followed da Vinci, and Galileo's

treatise on mechanics, which appeared in

1592, and his " dialogues " of 1633, crys-

tallized the knowledge of his time in ac-

cessible and practically available form.

Then came Torricelli, and, a little later,

that greatest of English philosophers

and mechanicians, Newton, whose "Prin-

cipia" has been, from 1686 to the present

time, a mine which has richly repaid all

the less illustrious workers who have

chosen to explore it. This wonderful
geometer gave all his mighty intellectual

power to the work of usefully applying

science. He enunciated the laws of mo-
tion, deduced the law of gravitation,

proved, by the application of his cumber-
some but fruitful methods, the exactness

of Kepler's laws, showed their generality,

and pointed out the fact that they hold

the planets in their orbits, and sway the

whole stellar world.

The time of Newton marks the begin-

ning of a grand outburst of energy in

the useful application of the sciences.

Every art, every industry, every phase of

human life, felt its helping hand. Inven-

tions began to appear, to relieve the delv-

ing laborer, in every department of hu-

man industry. The arts began to find a

scientific basis, and to look to science for

aid in their perfection and in their devel-

opment ; the industries began to feel the

stimulating effect of scientific discoveries,

and of the introduction of scientific

methods of application of practical

knowledge ; Descartes, Newton and Leib-

nitz advanced mathematics to a point

from which only a Hamilton or a Sylves-

ter could carry it further ; Lavoisier and
his contemporaries, only a century before

our own time, created chemistry
;

ge-

ology had its birth almost within the

memory of our elder colleagues ; the sev-

eral departments of physics have taken
definite shape almost within our own
shorter memories ; the natural sciences

have come into being since the time of

Cuvier and Linnaeus ; the greater sci^

ence of " energetics " is hardly yet de-

fined, and has not taken its place in the

text-books taught in even our schools of

science. We are, in fact, at the very
threshold of the true era of applied
science.

In illustration of the gradual evolution
and growth of correct theory, and of this

slow development of rational views, of
the methods of scientific deduction, and
of the invariably tardy progress from a
beginning distinguished by defective

knowledge and inaccurate logic, in the
presence of what are later seen to be
plainly visible facts, and of what ulti-

mately seem obvious principles, observe
the rise and progress of our hardly yet

completed theory of that greatest of hu-
man inventions—the steam-engine.

Studying the history of the develop-

ment of this theory, it cannot fail to be-

come strikingly evident that, throughout,
experimental knowledge and practical

construction have been constantly in ad-

vance of the theory, and that the science

of the conversion of heat-energy into me-
chanical power has, in all stages of this

progress, come in simply to confirm gen-

eral conclusions previously reached by
deduction from experience and observa-

tion, to give the reasons for well-ascer-

tained facts and phenomena, and often

—

not always promptly or exactly—to de-

fine the line of improvement, and the

limitations of such advance.

The theory itself began by the correla-

tion of the facts determined by the ex-

periments of Rumforcl and Davy, at

the beginning of the century, those
announced by Joule and Thompson
many years later, and the laws developed
by Clausius, Rankine, and Thompson, at

the middle of the century. But Watt
had discovered the facts which have
since been found to set limits to the effi-

ciency of the engine, a hundred years

ago ; Smeaton, in many respects, the

greatest mechanical engineer of his time,

made practically useful application of the

knowledge so acquired, and endeavored
to secure immunity from these wastes
by thoroughly philosophical methods.
Clark, a generation ago, showed how
the losses first detected by Watt set a

definite limit, under the conditions of fa-

miliar practice, to the gain to be secured
by the expansion of steam ; and Cotter-

ill within a few years has shown, by beau-
tiful methods of treatment, their magni-
tude, and how these wastes take place.

Hirn and Leioutre, in France, have sim-

ilarly thrown light upon the phenomena
of "cylinder - condensation,'' and De
Freminville has suggested the method of

remedy. Yet it is only now that we are

beginning to see that the philosophy of
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heat-engines is not simply a 'thermody-
namic theory, and that it involves prob-

lems in physics, and a study of the

methods of conduction and transfer of

heat without doing work from point to

point in the engine. We are only now
learninghow to apply to knowledge gained
by Isherwood twenty years ago, and by
Hirn and by Clark still earlier, in solv-

ing the problem of maximum efficiency

of the steam-engine. We have only now
discovered that the " curve of efficiency,''

as I have taken the liberty of calling it,

is not the curve of mean pressure for

"adiabatic'' expansion, as Rankine called

it, for "isentropic" expansion, as Clausius

would call it, but that it is a curve of

very different form and location, and that

it is variable with every physical condi-

tion affecting the working of the expand-
ing fluid in the engine. We have only
now learned that every heat-engine has a

certain " ratio of expansion for maximum
efficiency," which marks the limit to gain
in economy by expansion, which limit is

fixed for each engine by the nature of the

expansion, and the method and extent of

wastes of heat. All the facts of this

case were apparently as obvious, as easily

detected and weighed in their influence

upon the theory of heat-engines, years

ago, as to-day. Even the latest phase of

the current discussion of efficiencies of

heat-engines, that relating to their com-
mercial efficiency, would seem to have
been as ready for development a genera-
tion ago, when first noted by Rankine, as

to-day
; yet, what is now known as a

simple and easily formulated theory has
been several decades in growing into

shape, notwithstanding that all the need-
ed facts were known, or readily determin-
able, at the very beginning of the period
marked by its evolution. It is only with-

in a year or two that it has become pos-
sible to say that the theory of the steam-
engine, as a case in applied mechanics,
has become so complete that the engineer
can safely rest upon it in the preparation
of his designs, and in his calculations of

power, economy, and commercial effi-

ciency.

Even in the lowest department of ap-

plied mechanics, that which forms the
basis of the work of the engineer—that

including the study of the materials of

construction—our knowledge, scientific

or general, has been wonderfully slow of

development. Experimental work may
be said to have commenced in tins field

a century ago, and the labors of Mus-
chenbroeck, of Tredgold, of Barlow and
of Hodgkinson, of Fairbairn, and of their

coadjutors of the first half of the century,,

gave to the constructor and to the theo-

rist the facts which were most essential

to their work. But it is only within the

past few years that the conditions modi-
fying the value of these materials, as ap-

plied in engineering, have been carefully

and critically studied by the light of ex-

perimental investigation. The effect of

heat upon strength and elasticity, the
alteration of structure produced by vi-

bration, the difference in carrying power
and in safe loading, due to reversed
stresses, the modification of the value of

steel by alteration of chemical composi-
tion and by various modes of tempering,
the effect of that singular phenomenon,
the variation of the normal line of elastic

limits by strain, the persistence of the

effect of strain in the production of cold-

worked iron and steel, and in the perma-
nent record of the results of accidents

straining structures—all these have been
matters left for the present generation to

investigate.

It is only to-day that we are beginning
to ascertain the existence of alloys and
special modifications of iron and steel

which adapt these metals to special pur-

poses, and the engineer is only now be-

coming accustomed to the writing of

specifications including details of the

composition and character of the mate-
rials to be used in his work. The use of

manganese steels and bronzes, of the

phosphor bronzes, and of various other
deoxidized alloys, the search for the exact

location of the alloy of maximum pos-

sible value for specified purposes ; the

continuation of researches in regard to

the effect of prolonged loading of mate-
rials and of structures ; these and simi-

lar matters are those which are receiving

the attention of the engineer of our day.

and are merely the beginnings of a re-

naissance in applied mechanics which is

likely to reveal wonders where they have
been least expected and most rarely

looked for.

But the slow progress of scientific de-

velopment in matters relating to common
practice in the useful arts is hardly less

remarkable than the difficulty with which
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scientific principles, even when well

established and well known among scien-

tific and educated men, sink down into

the minds of the masses. Perhaps no
principle in the whole range of physical

science is better established and more
generally recognized than that which as-

serts the maximum efficiency of fluid in

heat engines to be a function, simply, of

the temperatures of reception and rejec-

tion of heat, and to be absolutely inde-

pendent of the nature of the working fluid.

This was shown by Carnot, sixty years
ago, and has been considered one of the
fundamental principles of thermo dy-

namics from that time to this. Neverthe-
less, so rarely is it comprehended by me-
chanics, and so difficult is it for the av-

erage mind to accept this truth, that the
most magnificent fallacies of the time are

based upon assumptions in direct contra-
diction of it. The various new " motors

"

recently brought before the public with
the claim of more than possible perfection,

have taken hundreds of thousands of dol-

lars,within the past two or three years,from
the pockets of credulous and greedy vic-

tims. It is not sufficient to declare the
principle ; the comparison of steam with
ether, and of air or gas with carbon-di-
sulphide or chloroform, must be made di-

rectly, and the results presented in exact
figures, before the unfortunate investor
—whose rapaciousness is too often such
as to cause him to give ear to the swin-
dler, rather than to the well-informed and
disinterested professional to whom he
would ordinarily at once go for advice

—

can be induced to withdraw from the
dangerous but seductive scheme. It is

true that the principle does not as exactly
apply to a comparison of efficiencies of
machine, and that the vendor of new mo-
tors usually seizes upon this point as his

vantage ground ; but a careful compari-
son of the several fluids, both as to effi-

ciency of fluid and efficiency of machine,
throughout the whole range of tempera-
tures and pressures found practicable in

application, such as has recently been
made under my direction, shows that the
final deduction is substantially the same
for all the usually attainable conditions
of practice, and, further, that of all the
available fluids, steam is, fortunately, the
best.

It is only since our political body be-
came a nation that the application of sci-

entific methods of experiment led that

great engineer, James Watt, to the in-

vention of the greatest of mechanical
civilizing agents, the modern steam-en-
gine. It is within the life-span of many
who are still living that the art of spin-

ning, the art of weaving by machinery,
the production of the cotton gin, the in-

vention of the sewing machine, and a
thousand other now familiar and essen-

tial factors of our present life, have been
born of this union of science and art.

The locomotive, the steamship, the tele-

graph, the telephone, are all younger
members of the same family—the mighty
progeny of that mightier pair. The
world has learned to value science for

her beneficence, for her fruitfulness, for

her helpfulness. It has learned that to a

true union of science with art only, are

we to look for the methods and the

means by which mankind is to be finally,

if at all, emancipated from the yoke of

overburdening labor now so terribly op-

pressing the race.

The cultivation of science, in its rela-

tions to every branch of the arts, and to

every department of the industries of the

world ; the collection of practically im-

portant facts, and the discovery of its es-

sential laws, as forming a system of appli-

cation of science, is, as is now sufficiently

evident, the task which lies before every

scientific worker. It is further evident

that there must be inaugurated a system

of cultivation of science that shall pro-

mote the advancement of scientific knowl-

edge, and that shall aid in the application

of science to the daily work of humanity.

We have seen what such a system must
be, and how it must be developed and set

in operation. In the carrying out of this

system of promotion and cultivation of

science, we are to see that men of science

are given all necessary assistance in their

noble task ; and the way in which this aid

is to be obtained and made effective has

been already discussed at sufficient length.

But, when this part of our work has been
satisfactorily organized and set in oper-

ation, we have the no less important task

left us to see that the knowledge so ac-

quired shall be preserved and communi-
cated to the new generation. This leads

us to consider our methods of education.

Glancing back into history, we find

that the distinction which I have pointed

out between the old and the new schools
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of philosophy and of thought has been
equally marked in the methods of educa-

tion of the older civilization and the new.
Only a few decades have passed since the

only education that could be obtained in

our schools was one embracing merely
the purely literary and the speculative,

with a small allowance of pure mathe-
matics. The languages, history, liter-

ature, the elementary mathematics, and
the old systems of speculative philos-

ophy, were the principal subjects taught
in our colleges. Gradually, the natural

and physical sciences came in, and were
given a subordinate place in the college

course, and then only under protest. The
stereotyped argument for the retention

of the old system, to the exclusion of the
new, was, and is to-day, the assertion that

"the old system strengthened the intellect

and broadened the views of the student,

while the new subjects were 'merely use-

ful. The fact that the study of science

is the most effective of disciplines for the
reasoning faculties, for the memory, for

the judgment, and for the very faculties

for which the older instruction is claimed
to do so much, is not even now perceived,
far less admitted, by many of our most
distinguished and ablest educators. But,
in spite of all difficulties arising from ig-

norance, prejudice, habit and opposing
interests, the study of applied sciences is

becoming as well established, as part of

the modern college course, as is that of

any branch of pure science ; and the study
of pure science is very steadily becoming
a more important part of the standard
system of general education—of " liber-

al " education—while, at the same time,

it is gradually becoming changed in its

form of presentation, to adapt it more
perfectly to its subsequent use in applica-

tion. Speculation is everywhere losing

its place, and investigation and system-
atic research are advancing to occupy the
deserted ground.
The modern method of education is be-

coming thoroughly systematic. It in-

volves the introduction of scientific meth-
ods of promotion of the efficiency of in-

struction ; it includes the careful study of

every detail of the educational system, and
of the whole course of tuition, determin-
ing what methods are the most fruitful

of useful and practically valuable results,

what are the subjects, and what the
methods of presentation, which give to

the learner the largest amount of per-

manently retainable and widely applicable

knowledge, Our primary education has

always, and necessarily, been distinguished

by the predominance of the scientific meth-

od and of the practical side. We have not
been driven so imperatively toward this

use of scientific methods, and of applica-

tion of the sciences bearing upon common
life, in the higher education ; but the

wisdom and the expediency of a modifica-

tion of old ways, in this respect, is now
rapidly becoming acknowledged, and the

new education may be considered as fairly

and safely introduced. We may call it

the modern systematic method, the scien-

tific method, of education. Science will

never, we may be sure, displace entirely

the older departments of education ; but
science wiU henceforth take a place beside

them as no less valuable for mental dis-

cipline, and as the essential factor in the

pi'omotion of progress in all the arts and
employments, in all the daily life and
work of the world.

And not only may we feel assured that

science will never entirely displace the

older systems of education, although cer-

tain soon to take her rightful place beside

literature and philosophy, and her own
most efficient servant, mathematics ; but
we may plainly see that the time is not
far distant when we shall have, for those

who propose making science their mis-

tress, and. for those who are to make the

work of their lives the application of

science to the arts and the humbler indus-

tries of the world, " schools of science in

every city, colleges of science in every

State," and universities of science, pure
and applied, as the base of the great pyr-

amidal educational system. And it may
be anticipated that when the system shall

have become perfected and of full growth,
it will be the universal custom of those

proposing to study in these advanced
schools, to secure, first, the general edu-
cation, the broad culture, and the discip-

linar . preparatory training, that the aca-

j

demic schools now give, before entering

upon the special branches of study that

! are to be continued through their later

lives.

Students of science will enter these

professional schools from the colleges of

the country, precisely as they now enter

the medical schools and the schools of

law, making their professional studies
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post-graduate courses. The liue will thus
lie through the primary schools, which
are becoming each year better fitted to

give the child the best introduction into

a life either of labor or of study, through
the higher schools, in which instruction

is daily becoming more practically valua-

ble, both in the imparting of knowledge
and in mental discipline, through the col-

lege, where the discipline already given
will make the student capable of securing

good and permanently valuable knowl-
edge, into the scientific school, and, in

many cases, onward and upward into the
university of sciences, in which all science

is specialized for those who propose, as

every scientific man must, to devote
themselves wholly to scientific work.

Thus, ultimately, will science lead, di-

rect, and most efficiently aid, the nation
in its progress toward the ideal, yet ap-

proachable, social state which has been
the hoped for, if not the promised, land
of every great political and social econo-

j

mist and philosopher, from the days when
[

Cicero thought it his greatest honor to

have written " On the Commonwealth,"
j

up to the present time. According to
Cicero, the Roman Commonwealth, " by
defending its allies," took possession of

!

the world. Our own grander common-
wealth, by defending and sustaining her

j

as yet hardly recognized, but most power-
j

ful and most beneficent ally, Science, will,
j

some time, control, and for vastly grander
purposes, a greater world.
The place of these modern methods in

our political and social system can now
be readily determined. Had it been as-

!

serted a generation ago that science i

should control our politics and dictate in

every movement of our social system, and
j

that it should be the guiding star of every
;

political economist and of every philoso-
pher, whatever his province, the claim
would have excited a smile, and would !

neither have received consideration nor
provoked rejoinder. But we shall see

that this is precisely the place which will

be ultimately, and of necessity, taken by
science, and that it is to science that
every great movement, whether political

or social, industrial or ethical, must look
for intelligent direction.

The object of every correct system of

government is to secure to every member
of the society which it guards protection
of life and property, liberty to earn as

|

much wealth and to secure as many of

the comforts and luxuries of this life as

he may, and opportunity to prepare the

coming generation most effectively for

successfully doing the work that lies be-

fore it. This is not the object accom-
plished by the old governments. They
were established for the purpose of pro-

moting the welfare of ruling individuals,

or of ruling classes, and the result of their

control of society was, invariably, the el-

evation of the one class at the expense of

the other ; the rulers flourished at the

cost of those who were ruled. Modern
systems of government are continually

approaching that ideal form in which the

people govern the people, and in which
the public good and the security of the

citizen is the end sought. But, as it is

the end and aim of every good govern-

ment to promote the welfare of the citi-

zen by purely general legislation, and by
the enforcement of laws enacted without

reference to individuals or classes, it be-

comes the duty of the citizen who ap-

points the legislator, and of the legislator

who makes the laws, to seek the scientific,

the logically and the ethically correct,

method of promoting general welfare. It

is here that science, at the very start, be-

comes properly our guide. The govern-

ment is charged with the duty of guard-

ing and promoting every legitimate in-

dustry, of giving every citizen the means
of preparing himself to do his work in the

world and of developing, in every proper

way, the natural resources and the appro-

priate industries of the territory over

which it has control. How this can best

be done it is the province of science to

point out. Men of science, each in his

own department, are the natural advisers

of the legislator. Citizens and legislators

are both entitled to claim this aid from
those who have made the sciences of the

several arts their special study, and from
those who have devoted their lives to the

study of the sciences of government, of

social economy, and of ethics.

Of all the many fields in which the men
of science of our day are working, that

which most nearly concerns us, and that

which is of most essential importance to

the people of our time, is that department
of applied science which is most closely re-

lated to the industries of the world. The
two great needs of mankind to-day are,

first, an education that shall enable the
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workers to acquire all the necessaries of

civilized life, a fair share of the comforts,

and even some of its luxuries ; second,

such provision for the non-workers, de-

serving but invalid, willing but impotent,

as shall insure them against actual suffer-

ing, and, if possible, give them some
compensation, in the short remainder of

life, for their misfortunes. By thus re-

ducing the suffering existing in the world,

. science will accomplish its highest mis-

sion. Government has two main objects

to secure : the suppression of crime and
the promotion of industries. It is in the

latter that applied science finds its plain-

est and its most obvious line of applica-

tion, and in such application, as we shall

readily perceive, the department of science

which must find widest and most import-
ant fields of application will inevitably be
that of "Mechanics."

Mechanics directs the advancement of

the world in an astonishingly greater de-

gree than does any other department of

science, and it has, therefore, correspond-
ingly great importance as one of the great

agents of civilization. Every industry is

largely mechanical ; nearly all of the pro-
ducts of the labor of the world are given
form, to a greater or less extent, and
usually principally, by mechanism. It is

applied mechanics that sows and reaps
our grain, that grinds our flour,that trans-

ports it to domestic markets, that carries

it across the ocean to the half-fed people
of Europe ; it is applied mechanics that

prepares our cotton for the mill, that
compresses the product of acres into a
bale that may be handled by a single

strong man, that spins our cotton and
our wool, weaves them into cloth, and
even cuts the cloth to pattern, and, by its

most ingenious of minor applications, the
sewing machine, gives the garment per-

manent form. Applied mechanics gives

to the astronomer his telescope, enables
him to calculate the elements of the plan-

ets and the stars, teaches the mariner his

system of navigation, gives him the ship
that he thus directs, guides the engineer
in his magnificent work of designing the
machinery which impels the enormous
structure. Even the sister sciences, phy-
sics and chemistry, are departments of

applied mechanics, and are coming to
take then place in the wide spreading de-

partment of "molecular mechanics," and
in a still more comprehensive but younger

branch of our science—that of " ener-

getics."

Even vital forces are gradually coming
to be grouped under the same head, and
all the natural sciences are more and
more generally recognized as properly
falling into the department of energetics,

and as illustrations of the application of

the laws of mechanics. The Mission of

Science is to be fulfilled mainly, then,

through the application of mechanics.
How the application of our beautiful

and noble science is to promote the wel-

fare of the race by the solution of the ap-

parently abstract problems which every-

where challenge the student of science

may not always be readily perceived. The
mechanics of the ether, the determination
of the exact measures of its elasticity and
density—of which we only know to-day
that the one is probably as enormous as

the other is inconceivably small—the

character of its vibrations, the method of

distribution of its molecules, then* mag-
nitudes and distances, and the extent of

their movements ; the methods of con-

version of mechanical energy, or of other
forms of energy, into light and into heat

;

the great problem of transformation of

heat into mechanical energy without
waste ; the still greater problem of the

direct transmutation of the work of chem-
ical combination into other forms of work
and power ; the discovery of the nature
and method of operation of those forces

which give rise to chemical and electrical

energy ; the method of conversion of the

two forms of energy, the one into the

other, with maximum efficiency ; all these

are problems that confront the investi-

gator to-day, and all have, directly or in-

directly, although it may not be easily

seen just how, a real bearing upon the

prosperity of the race. Those more di-

rectly " practical " problems, such as the

discovery of a means of making non-con-
ducting working cylinders for our heat-

engines ; the production of the electric

arc without variation of intensity of

light ; the development of mechanical
power with absolute steadiness and uni-

formity of speed ; the concentration of

power for aeronautic applications : the
application of the mechanic's inventive

power to the cheapening of all the
methods of production and supply of the

perishable necessaries of life ; all these

are obviously within the province of our
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science in the prosecution of its benefi-

cent mission. But it is not enough that

it shall be made possible that one pair

of hands shall do the work of two ; work
must be found in new fields for the pair

of hands thus thrown out, and this makes
it the duty of science and of its workers

to see that new departments of skilled

employment shall be opened to surplus

labor. Thus the development of new in-

dustries becomes as much a part of the

work of science in the future as is the

improvement of those now existing. The
new industries must evidently be mainly
skilled industries, and must afford em-
ployment to the more intelligent and
more finely endowed of those to whom
our modern systems of education are of-

fering their best gifts. When this pro-

cess of industrial revolution shall have
been effected, the great mass of mankind
will be able to secure by the labor of each

day, restricted to such number of work-
ing hours as shall best develop and
maintain in healthy condition the whole
muscular system, all the necessaries and
comforts of civilized life, and will yet find

time for recreation and for the cultivation

of the moral and intellectual faculties,

and for the development of all the mental
powers and of all the affections.

The progress of science, as seen in her
past history, resembles that of the great

steamships which are now the embodi-
ment of the most wonderful of the re-

sults of human intellect, working through
the scientific application of mechanics,

which to-day mark the advanced position

of civilization. In the building of the

steamer long weeks are spent in the prep-

aration of plans, in the calculation of

proportions, and in the determination of

the form in which the enormous masses
of iron are to be grouped ; months are

spent in gathering the materials together

which are to be given shape in the great

vessel, and which are to be turned and
planed and cast and forged into the

pieces composing the mighty engines and
lesser machinery ; during months and
months the tremendous structure lies

motionless upon the ways, slowly taking-

shape, slowly receiving the massive ma-
chinery which is to form the vital appar-

atus essential to the life-like action of that

powerful, and hardly less than living, crea-

ture ; no sign of life or power is seen

during this long pei'iod of development,

and, to the uninstructed observer, it may
appear utterly improbable that the dor-
mant mass can ever be more than an in-

ert and useless hulk
; yet, after a time,

when the period of preparation is com-
pleted, and when all that is needed for

the purposes intended by the designer
and the constructor has been brought to-

gether and put in place, suitably con-
nected, part to part, there comes a time
when a change and a movement are per-

ceived. A few insignificant pieces of tim-

ber are knocked away, and the enormous
vessel, slowly and by imperceptible accel-

eration, moves down toward the water,

and, with continually increasing speed,

finally rushes into the element which is

to be, for all its future life, its home. A
halt and a little more delay, and the now
fully equipped and self-impelling steam-

ship once more moves. Starting again,

with slow and hardly visible motion, by
the exertion of her own unseen, but in-

conceivable power, the great ship gradu-
ally acqiiires velocity, and we see her,

later, traversing the ocean, back and
forth, over a thousand leagues of water,

like an enormous shuttle, weaving bands
that tie closer and closer hitherto separ-

ated members of a common race, of one
human stock, and binding the nations

daily into more perfect brotherhood.

So it was with science in the past, and
so is it in the present. Long ages ago,

in the earliest historic period, was her
time of slow and unobserved generation

and embryonic growth. All through the

middle ages signs were not wanting of

her existence and gradual development, in

the changing methods of thought of man-
kind, and in the accumulation of materi-

als to be usefully applied at a later date.

At the beginning of the seventeenth cen-

tury, the first great movement began, and
then only did the true purpose of all that

earlier period of preparation become evi-

dent. A century ago, with the birth of

the steam-engine, later, with the intro-

duction of product of the printing press

into the daily life of the world, with the

apparition of the electric telegraph and
the introduction of the railroad, began
the real progress of science, and we are

now seeing but the beginning of her awe-
inspiring career. She has taught us to

drive ten thousand tons across the seas,

regardless of wind and waves, by the

might of our 12,000 horse-power engines
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—engines in which steam does more work
than fifty thousand actual horses could

do, continuously. She has taught us to

send printed messages across the oceans

and across the continents, girdling the

world with ber mysterious wire; she has

shown ns how to drive the railway train,

with its hundreds of tons of merchandise
and living freight, faster than bird can

fly ; she has helped us give to the people

news of every land, gathered in every

clime, and brought to us by messengers
swifter than the shadows of the sun, and
printed on millions of sheets between the

first glowing of the dawn and the rising

of the orb of which Aurora is the messen-
ger ; she has given practical expression to

a myriad of other hardly less magnificent

philanthrophies. Yet the mission of science

has made but the veriest beginning. It

still remains to her to perfect and to sys-

tematize a thousand new industries, to

invent as yet unimagined new arts, to

bring the laborer worthy of his hire all

that he needs, and all that he can desire

for his own comfort and for the care and
comfort of his family, to so adjust the

power of production to that of consump-
tion, and both to the working capacity of

the world, that the now seeming natural

conflict between the employer and the em-
ployee, between labor and capital—that

fallacy which is the support of every dem-
agogue—shall no longer have even the

appearance of existence. She has still to

do her part toward the reduction of all

systems of government to the one only
correct form ; that in which the people
are governed by the people, for the best

good of the people, and in which legisla-

tion is solely directed toward the protec-

tion of life, of liberty to do right, toward
the protection and support of the indus-
tries of the country, the sustaining of a

system of education that shall give to

every citizen the opportunity to fit him-
self with maximum efficiency for the du-

ties of a wr
ell planned life, and the encour-

agement, in every right and reasonable
way, of all that tends to aid the material

and the moral welfare of the community.
She has all this and much more to do

;

and her highest work will be found to

include, I think, important modifications

of the methods of evolution and of con-
formation of the race. The enormous
advancement of the intellectual side of

life must inevitably, as it seems to me,

result in the production of a race of men
peculiarly adapted to such environment
as science is rapidly producing. Thus
accomplishing, under the guidance of our
science, such tasks as lie before him to
accomplish, the " Coming Man," with his

greater frontal development, his increased
mental and nerve power, bis growing en-

durance and probably lengthening life,

will be the greatest of the products of
this scientific development, and the no-
blest of all these wonderful works. And
may it not be possible in the better days
of that future into which we may now
barely get the faintest glimpse, when the
increase of the population of the world
shall be limited, not as now by the maxi-
mum of misery and suffering bearable by
the race, nor yet by art, not by a Mal-
thusian system, but by the rate of expen-
diture of vital power in the operations of
the mind, of the intellect, and of the af-

fections, when those who are broughtinto
the world shall have fair prospect of be-
ing permitted to lead happy and prosper-
ous lives, when suffering and misery shall

have been reduced to a minimum—that
we may see man taking the place assigned
him by Euskin ? Says that great master
of expression : " All the power of nature
depends upon subjection to the human
soul. Man is the sun of the world;
more than the real sun. The fire of his

wonderful heart is the only light and
heat worth gauge or measure. Where he
is are the tropics; where he is not, the
ice-world." May not this development of
the human soul be, after all, the true
Mission of Science ?

As a toil-worn traveler, wearily faring
homeward at early dawn, skirts the west-
ern shore of some broad lake, picking his

way by the uncertain, but always increas-

ing, light penetrating the cloud beflecked
sky, at last sees in the east the uprising
sun, and watches its steadily growing
disk, and the wide-extended sheaves and
pencils of splendent golden light, silver-

ing and gilding, and magnificently tint-

ing, every snowy pile of vapor, etherial-

izing all the low-lying mist that hides the
bosom of the lake, and sees finally, across
the rippling waves stirred by the first

gentle breezes of the dawn, the flashing

of a broad band of glory, each wave at

the distant shore catching up its share of
the wonderful illumination, each its hand-
ful of the beautiful light, each passing it
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onward to the nearer swell, and each

catching new beauty from the passing

beams of the day-god, iintil tbe eyes are

dazzled by the spreading sheen, and all

the scene is surcharged with light, until

the glory covers the weary one, lighten-

ing his heart, cheering his soul, quicken-

ing- his step, and sending him homeward,
with all his sadness gone, refreshed,

hopeful, and happy.

So Man, plodding onward, sad, over-

burdened, and despairing, toiling wearily

over the shifting sands of life, at last has

seen, across the expanse of eternity, along
the shores of which he wanders, the first

bright beams of the light of Science, her-

alded, but hidden, through a dawn that

had lasted for centuries ; and, as the
bright luminary that is to guide him
through all the future, has arisen, stead-
ily and constantly, among the obscuring,
but breaking, clouds of the dark ages, the
mists have been dispelled, the clouds
themselves have received golden and sil-

ver linings, and the all-pervading

beams, caught and reflected, but al-

ways advancing, have finally reached
the hither shore, and Man, enlightened
and strengthened, with new insight into

a brightening life, himself advances, with
new courage and renewed hope, toward
that future which it is the heaven-directed
Mission of Science to illumine with the
radiance of ever-increasing1 knowledge.

CHINESE IRON FOUNDRIES AND RICE PAN CASTINGS.
From "The Chemical News.

Although the Chinese, as a race, are

incapable of the deep thought and ex-

treme mental effort required to elaborate

the intricate details of modern scientific

machinery, or to plan those bold enter-

prises and extensive systems of road and
hydraulic engineering which are the pride

and glory of the British civil engineer,

yet, pe?' contra, it must be conceded that

for finnicking, tedious, patient ingenuity

of a certain sort, the Chinaman stands
almost without a rival. As a notable

example of this same patient, plodding-

ingenuity, shown by the Chinaman in

some of his trades and industries, may be
instanced the manufacture of the very
thin cast-iron rice pans which may be
seen in almost any cook-house in the

colony of Hongkong. The principle

seats of this industry are at the towns
of Sam tiu-chuk, in the Kwei-shin district

of the Wei-chow prefecture, and at the
busy, populous, manufacturing town of

Fatshan, situated in the Nam- hoi district

of the Kwang-chow prefecture. This
latter town is distant but some twelve
miles, in a south-westerly direction, from
the provincial capital of Canton, and has,

from the extent and importance of its

trade and manufactures, notably its great
trade in iron goods, tools, and hardware,
been aptly termed the Birmingham of

China. The previously mentioned town

of Sam-tiu-chuk is inhabited principally

by Hakkas, and is one of the principal

towns of the sparsely populated and
mountainous district of Kwei-shin. The
iron used is obtained by smelting the

magnetic oxide, which is found in large

masses in the mountains surrounding
the town. The ore is broken up, and
smelted with charcoal in a primitive

smelting furnace or cupola some eight

feet high ; the cupola is cone shaped,

having its apex, or smaller diameter, at

the bottom ; the single tuyere pipe is of

earthenware, the opening for emission

of the blast being placed downwards.
The furnace itself is of earthenware, or

rather puddled and dried clay, kept from
falling to pieces and strengthened by
hoops and longitudinal straps of iron ; the

whole is lined with clay several inches

thick ; the internal diameter at the bot-

tom may be about two feet, or perhaps a

little more, and at the top about three

feet and a-half, inside depth about six

feet. The blast is produced by a rude
yet most ingeniously contrived bellows,

formed of a wooden box some five feet

long by three feet in horizontal and a

foot and a-half in vertical section. This

box is divided longitudinally into two
compartments, each eighteen inches

square in vertical section, in each of

which compartment a piston works ; the
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valves are so arranged that one piston is

effective in the up, the other in the down,
or rather return stroke, for the machine
is arranged horizontally. It will be seen,

however, from this arrangement, as there

is no air chamber, that the blast is not
perfectly continuous, there being a slight

cessation at the end of each stroke be-

fore the return stroke can be effective.

The fuel used is charcoal, and the furnace,

being first heated by starting a fire with
fuel alone, is then filled up with alternate

layers of charcoal and ore in small frag-

ments. The blast is urged, and after a

sufficient time has elapsed, the molten
metal is drawn off from a tap hole at the

bottom in the usual manner, and cast

into ingots, which, when intended for

export, are afterwards reheated in an
open forge, and beaten into blooms of

about six pounds in weight ; these may
occasionally be seen for sale in the iron-

dealers' shops in Hong-Kong, and, when
made from genuine native iron, fetch a

very high price, indeed, as much as four
dollars per picul, or even more, being
sometimes paid for the best quality made
from the black or magnetic oxide. The
Patshan iron, which, to a great extent,

comes from Ying-tak (a town on the
West River), is smelted from hematite
(the red oxide), but mixed to a consider-
able extent with gangue, rarely pure,
and of varying and uncertain chemical
composition. The iron smelted from this

latter ore, although far more valuable in

the native estimation than foreign im-
ported iron, yet does not realize so high
a price in the market as the other.

For making the very thin rice pans,
which are cast without handles, pure na-

tive iron alone can be used ; as being
smelted with charcoal, it has the proper-
ty, when melted, of being more fluid than
iron smelted with coal ; or it may be that
the iron itself, being uncontaminated with
sulphur, or phosphorus, possesses the
property of greater fluidity on this ac-

count. The moulds in which the pans
are cast require weeks of tedious and
patient labor to bring them to perfec-
tion. They are composed of two parts

—

an upper and a lower—and are made of
carefully puddled clay, the upper portion
about an inch and a half, and the lower
somewhat thicker ; the lower or under
half is full of round holes, about half an
inch in diameter, which pierce about two-
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thirds the thickness of the mould ; these

holes are made in order to allow the clay

to dry thoroughly ; the moulds are

turned true on a revolving potter's table

of the usual pattern, and when quite dry-

receive a final coating of fine moulding
sand, and are made perfectly smooth.
The two portions of the mould are then
luted together with clay and placed in a

large round oven some six feet or more
in diameter. The pans are cast bottom
upwards, each mould having a runner
but no riser ; the upper portion of the

mould has three little legs in order to

support it when drying previously to the

two moulds being luted together. After
being placed in the oven, which is some
two and a -half feet deep, the moulds are

surrounded with charcoal, which is fired,

and the ovens closely covered with a cu-

riously constructed earthenware, or rather

dried clay cover, kept together, as in the

case of the furnaces or cupolas previously

mentioned, with bands and straps of iron.

The process is so timed, that by the time
the moulds are at a bright red heat, or

almost white heat, the iron in the cupola
is melted, and ready for tapping; the
molten metal is then run out into ladles

made for the purpose, and quickly poured
into the moulds. When these are all

filled, the cover of the oven is readjusted,

and the whole left to anneal or cool grad-
ually.

The great secret about this process,

which enables the Chinese founders to

cast their iron pans of such large diam-
eter, yet so thin and light as to be scarce-

ly thicker than a sheet of paper, appears

to be the use of highly heated moulds,
and pure iron smelted with charcoal.

When the ovens and their contents are

cooled down, which takes about two days,

the luting attaching the upper portion

of the mould to the lower is care-

fully removed, and the moulds being sep-

arated, the pan can be extracted : when
the operation has been successful the

same mould can, with a little touching
up, be used several times. The pans
now have each attached to its bottom a

runner, or lump of iron, of greater or

less size, which, from the extreme thin-

ness of the pans, making them but little

less brittle than earthenware, requires the

greatest care in its removal ; these run-

ners are carefully sawn off, the use of the

more expeditious cold chisel being more
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likely to cause fracture than the slower

but steadier saw ; the edges are smoothed
down, and the pan is ready for the export

market. Handles are attached to these

pans by the retail dealers, who bore holes

near the rim of the pan, and attach

small ribbons of iron for the purpose of

handles.

The pans made at Fatshan differ from
the preceding in being cast with handles

attached near the rim to the inner sur-

face of the pan, which necessitates the

breaking of the mould at each casting, it

being rare for the same mould to be ser-

viceable a second time. The Fatshan
pans are also usually cast much thicker

and heavier than those of Sam-tiu-chuk,

and occasionally as large a proportion as

one-third of foreign cast iron, generally

Kentledge or ordinary pig iron, is mixed
with the native iron for casting. In
other respects the process followed at

both places is the same. The Fatshan
pans being thicker are the more durable

of the two, while the thinner Kwei-shin
pans are more popular with poor people,

because being thinner a less quantity of

fire-wood is required to heat them

through. The manufacture of iron rice

pans is in Kwangtung province a Chi-

nese Government monopoly, which is

farmed ont by the Salt Commissioneiv
and by him licenses are granted to the
local iron founders on payment of a
heavy fee. Considerable care has to be
used in packing the pans for export, in

order to prevent breakage, which, how-
ever frequently occurs when any consid-

erable number of pans are shipped to

Australia or other distant ports. An at-

tempt was made, some years back, to-

cast rice pans in Hongkong, but the lo-

cality chosen, Shau-ki-wan, being an un-

healthy one, many of the workmen died,

others left the place sickly and fever
stricken, and the concern from this cause
mainly proved a failure. It may, how-
ever, be possible that had a longer time,

say a year or more, been allowed to elapse

for the newly filled-in ground to settle

down, and the freshly cut hill side adja-

cent to finish giving off its malarious
exhalations, the place would not have
been so unhealthy, and in that case the
result might not have been so disastrous

to all concerned, as it unfortunately
proved itself to be.

ON THE PRACTICAL RESULTS OBTAINED FROM VARIOUS
WATER-RAISING MACHINES IN HOLLAND.

By G. CTTPPARL

From Selected Papers of the Institution of Civil Engineers.

Towards the end of the year 1877 the

Author visited Holland, and spent a year

and a-half in studying the hydraulic works

in that country, particularly those for

draining land. Having had opportunities

of examining the principal works, both

finished and under construction, and of

taking notes from various documents re-

ferring to them, he collected a large

amount of information not otherwise pro-

curable.

In the specifications for water-raising
machines in Holland, a clause is inserted
to the effect that the consumption of

Euhr coal is not to exceed 6.61 lbs. per
H. P. per hour. In practice, however,

there are great differences in the duty of
the engines.

The Rhineland Company. Pumping
Station at Halfweg.—This station was
erected for the purpose of discharging*

into the Y (which was converted into a
canal in 1873) the waters of the general
collecting basin of the great Rhineland
Company. The surface of this basin
(called '' boezem,'' a Dutch word which
will be used throughout the Paper) cov-

ers 8,600 acres, when the water is stand-

ing at its normal level. There discharge
into this basin, naturally, the high lands,

30,443 acres in extent; artificially, the
polder lands. These are classified accord-
ing to the normal water-levels as fol-

lows :

—
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Acres.

Normal level at 3.28 feet-AP and over. 16,282
bet. 3.28 ft. and 5.0 ft.-AP.60,855

5.0 " 6.5 22,314
6.5 " 11.5

11.5 " 13.1 3,249

13.1 " 14.75 ' 3,874
14.75 " 16.4 ' 66.029
16.4 " 18.0 ' 6,731

18.0 " 19.7 7,882

These areas vary year by year in Hol-
land, owing to the increased drying up of

the land, the variations in the normal
level, &c. The above are the figures for

1867, since which date there have been
no changes of importance. The total

area of Rkineland is 258,382 acres, but it

also receives into its boezem the waters

of the Woerden Association, of which the

boezem area is 403 acres, and the total

area draining into the boezem of Rhine-

land is 302,590 acres.

When the lake of Haarlem, which was
in communication with the boezem of

Rhinelancl, was drained the great diminu-

tion in the receiving basin was compen-
sated by providing a better outlet into the

North Sea at Katwijk, and three pump-
ing-stations, at Halfweg and Spaarndam
on the Y, and at Gouda on the Yssel. In
1880 another was added at Katwijk. The
waters discharging into this receiving

basin, composed of a network of canals

and small lakes, come for the most part

from the polders, that is to say, the dis-

charge is performed mechanically. But
this first lift is generally insufficient, and
a second is required, which is effected by
steam pumping-engines.*
The internal conditions of the boezems

are,

Mean water-level (1873-7) ... 1 . 656 feet-AP.
Minimum " " ...2.297
Maximum " " ...0.656 "
The maximum should be 1 . 312 "

The levels of the Y previous to its

canalization were at Halfweg,

Feet.

Mean high water 0.26+AP.
" low " 0.82- AP.

Maximum high water 6.62-fAP,
Minimum low 3.94-AP.

After the closing of the Y, the canal

which took its place was to be maintained
in terms of the concession at 1.64— AP.

* In 1881, there were discharged from the boezem
21,825 millions of cubic feet of water, of which 12,537
millions were raised by machinery ; 2,684 millions
cubic feet were let into the boezem, the greater part
in summer to supply the canals.

This level remains simply a desideratum
as far as Rhineland is concerned, while

during the past year the mean level of the

canal at Halfweg was 1.20— AP. The last

pumping station was intended to control

the internal levels, in which the differ-

ence of a few inches might cause incalcu-

lable damage ; the maximum ought never
to exceed 1.31 ft.—AP.
The Halfweg pumping station has six

float-wheels, of a combined width of

breast of 38.70 ft. The external diam-
eter of one of the wheels is 23 ft., that

of the other five, 21.33 ft. ; the internal

radius is 5.92 ft. The floats, twenty-four
in number, are inclined to the radius, so

as to be tangential to a circle concentric

with the wheel, and having a radius of

2.85 ft. ; the center of the wheel is at 5.6

ft. + AP. The steam-engine has four sep-

arate valves, with expansion regulated by
hand (of the old double-acting Cornish
type); the cylinder is 3.33 ft.X8.0 ft.

There are three boilers always in steam,

having each 538 square feet of heating
surface. The maximum pressure is three

atmospheres. The driving axle is con-

nected by toothed gearing on each side

to a shaft carrying three wheels ; the
speed is reduced in the ratio of 13.5 to 6;
the wheels are all upon the same shaft,

but this is not all in one piece, but in

several, which can be coupled up as re-

quired.

There are three systems of construc-
tion of water-wheels, which differ in the
method of transmitting the force. In
the first system the force is transmitted
by a driving axle and spokes acting as

struts ; in the second by a toothed wheel
upon the circumference, the axle and
spokes acting as struts ; in the third, by
a similar toothed wheel, but with a double
set of rods in tension instead of spokes.
The Dutch still adhere to the first sys-

tem, although, according to Redten-
bacher, it is not suitable when the power
exceeds 10 or 12 H.P. With large
wheels it is very heavy ; thus, the Italian

wheels at Bresega, near Adria, which are
on the the third system, have an external

diameter of 39.4 ft., an internal diameter
of 26.25 ft., and a breadth of 6.56 ft. ;

there are no larger wheels than these
either in Holland or Italy. The displace-

ment of water is about 5.300 cubic feet

per minute per wheel. The axle of these
wheels has a diameter at the thickest
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part of 1.41 foot, aud 1.25 foot at the

bearings. The wheels at Katwijk, which
are on the first system, are only 29.5 ft.

in diameter, yet the axles of the furthest

wheels are of the same diameter as above.

At Zeeburg, near Amsterdam, there

are eight wheels of the most recent

construction, of 26 ft. 3 in. diameter, and
10 ft. 8 in. breast. The driving axles of

the wheels furthest from the motor are

1 ft. 6 in. in diameter, and weigh over 6

tons ; each wheel has four sets of spokes,

each set weighing 4 tons ; the driving

axles nearest the motor weigh nearly

double ; there are 282 cubic feet of oak,

and 222 cubic feet of pine timber in each

wheel. Compared to the mass and weight

of material, the volume of water raised,

amounting to 7,063 cubic feet per minute
per wheel, seems small. The velocity of the

periphery is about 208 feet per minute,

which in Holland is considered moderate,

but in Italy high. In this system of con-

struction the axle is subject both to

bending and torsion ; in the suspension

system to bending only.

Mr. Zangirolami, of Adria, constructs

wheels with curved buckets capable of

raising water to
-f-

of the radius, giving

excellent results. Instead of two toothed

wheels, one at each side of the wheel, he
puts one toothed wheel in the middle,

thus avoiding the practical difficulty and
expense of two cogged wheels of precise-

ly similar pattern on the one hand, and
the twisting effect produced by a single

cogged wheel when placed at one end of

the wheel on the other.

At Halfweg the driving-axle is of cast-

iron, solid, 1 foot 2 inches in diameter
near the motor, and 10 inches at the fur-

ther end, with enlargements at the joints.

The framework of each wheel is formed
of three sets of spokes, which are cast in

one piece with the nave and ring, or

rather each set is cast in two parts and
bolted together. The whole weight of

one wheel with its axle is probably about
15 tons.

Tables are given of the work performed
by the wheels monthly during the years
1872-5. The first table gives the number
of revolutions per minute, the number
of hours worked, the volume of water
raised, the lift, the effective HP., the
consumption of coal in each month, and
per HP. per hour. The second table

shows how the duty of the engine in-

1 creases with the lift. When the lift was
from 8 inches to 1 foot, the consumption

I of coal per HP. per horn- averaged 14.20
lbs. ; when the lift was from 1 foot to 1
foot 4 inches the consumption averaged
11 lbs. ; when the lift was from 1 foot 4
inches to 1 foot 8 inches, the consump-
tion averaged 8.8 lbs., and when the lift

I was from 2 feet to 2 feet 3^ inches, the
consumption averaged 5.5 lbs. per HP.
per hour.

This difference is accounted for by the
large amount of power required simply
to drive the wheels themselves. This
being a constant quantity, is much great-

er in proportion when the work expended
in raising the water is small. It would
be useful to have experiments on the
performance of the engines when simply
turning the wheels, but, failing such ex-

periments, the author gives instances in

which the lift was very small. On the
16th of March, 1876, with a lift of only
0.45 of a foot, all the six wheels were at

work for 495 minutes, and made 2,043
revolutions, the immersion of the wheels
at the time being 3.75 feet on the
low-water side. Applying the recognized
coefficient for similar wheels of 0.90, the
volume of water raised was estimated at

30,000 cubic feet per second. The useful
effect was therefore 25 HP. The total

consumption of coal was 10,493 lbs., or
50 lbs. per effective HP. per hour.

General Delprat investigated experi-

mentally the working of a somewhat sim-

ilar establishment with six paddle-wheels
for eighty days, with lifts varying from
0.033 of a foot to 1.75 foot. He found
that the useful effect, when the lift was a
minimum, was only 3 HP., while the
work corresponding to the vis viva of

the water issuing from the wheel was 69-

.24 HP. With the maximum lift, on the

other hand, the former was 130.05 HP.,
the latter only 19.57 HP. The sum of

the two kinds of work, useful effect, and
work corresponding to the velocity, was
72.24 HP., with the lift of 0.033 of a foot,

and 149.62 with the lift of 1.75 foot.

This sum rather more than doubled, while

the lift in the last case was fifty-three

times that in the first, and the useful

effect in water raised was about forty-

three times as great.

These wheels, therefore, besides being

very costly, have the disadvantage that,

as the inner water-level diminishes the
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discbarge also diminishes, while the num-
ber of revolutions remains constant. If,

then, this reduction in the inner water-

level is accompanied with a reduction of

the lift, the conditions of useful effect are

still worse. The six wheels at Halfweg,

which with an inner water-level of 8

inches—AP (the highest), give a discharge

of 8,263 cubic feet per revolution, give

only 5,510 when the water is at its lowest

level of 2.46 feet- AP.
Hydraulic Station at Katwijk.—This

was erected in 1880 to regulate more
completely the waters of the Boezem.
The levels of the external water are :

—

Feet.

Mean high water 2 93+AP.
" low " 2.72-AP.

Maximum high water 11 .48+AP.
Minimum low " 6.56— AP.

The distance of the buildings from the

sea is 2,000 feet.

This station and that at Zeeburg, near

Amsterdam, intended for changing the

water in the canals in that city, are the

two largest of recent construction in Hol-
land. In both the system adopted is

similar to that at Halfweg. At Katwijk
there are six wheels, each 29 feet 6 inches

in external diameter, and 8 feet breast.

The centers of the wheels are at 8 feet 3

inches above AP., the sill of the channel

is at 1.64 foot—AP., which is the mean
level of the surface of the internal water.

The number of wheels at work can be
regulated by gearing. The weight of a

single wheel with its axle is estimated at

41^ tons. The selection of this system
shows that it is considered the one best

adapted to the conditions at Katwijk.

Flat buckets have been adopted as being
the best under the conditions, namely, a

lift varying daily (with respect to sea-

level), and averaging from to 4.5 feet,

with an ordinary maximum of 6.89 ; the

fluctuation of the internal level being
very slight, the greatest difference in the

year 1881 being 1.60 foot, and the great-

est in a month being 0.82 foot. There is

no doubt that the differences will be still

smaller with the new lifting wheels at

work. The manner in which the varia-

tions in internal water-level are kept with-

in very small limits is one of the remark-
able features in the Dutch system.

The buckets of the wheels at Katwijk
are tangential to a circle concentric with
the wheel, and having a radius of 5.25

feet. The effect of this is that with the

internal water at its mean level, and the

external at mean high-water level, the

angle of ingress is about 20° 30', and that

of egress 42°. The proper diameter of

this tangential circumference is a subject

much discussed among Dutch engineers.

This, together with the radius of the

wheel, and the position of the axis, deter-

mines the angles of ingress and egress,

upon which the effect of the wheel great
ly depends. Inspector J. A. Beijerinck,

the celebrated engineer of the Zuidplas

and Haarlem reclamations, and the author
of the first really practical project for

reclaiming the ZuiclerZee, has devoted
considerable attention to float-wheels and
screw- elevators in a monograph on the

Ziiidplas, which will be referred to later

on. He upholds the rule that the angles

of ingress and egress of the paddles with
the mean internal and external water-lev-

els should be equal ; which, when the

radius of the wheel is known, readily gives

that of the circumference to which the

paddles are tangential, by means of a

simple geometrical construction. This
has long been a general practical rule,

and is still frequently followed, though
the desire for innovation has given rise

to others, perhaps too many.
If a is the angle of ingress, ft that of

egress, H?
- ~K e the depths below the axis

of the wheel of the internal and external

levels, A the lift, R the radius of the

wheel, p that of the above-named circum-
ference, we have

H,; =R
(
sinVi-^+ cos 4)

He =R(sin /Jj/l_^L-cos ft^\

A = ^/R2— p"2 (sin a— sin ft)

+ p (COS a + COS ft).

Of the quantities H^ H6>
R, a, ft, p. any

three can be found when the other three
are known, according to the theory of

hydraulic wheels, by equations which
correspond to the minimum for the loss

of work due to various causes. This loss

being expressed in terms of the remaining
independent variables, including in these

the velocity, which is another very import-
ant element, there will be enough equa-

tions to determine all the unknown quali-

ties. In practice they are given by rules.

One is that already given, from which
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A =2p cos. a. Some authorities make it

a rule that the value of a shall lie betweeu
20° and 30°. Since, if the immersion i

of the buckets is known, R=Hj + i, the

value of R depends upon that of i, which
is generally beetwen 3.25 feet, and 4.87

feet, according to the difficulties of found-
ations and consti-uction. Some maintain

that the ratio -{-must lie between —— andR o.o

J. Others state that He must lie between

\ and 4- of R, but the principal rule, and
that most generally adopted, is that of

the equality of a and p. At Katwijk, how-
ever, this rule has not been adopted. At
the maximum daily level the angle of

egress is nearly double that of ingress,

which is 20° 30'. At the mean level it is

more favorable, increasing by about 6°.

There seems very good reason for depart-

ing from the established rule.

It is true, indeed, that by improving
the ingress the egress suffers, but in a

very different degree. R being given, a

and p can be expresssed by a single vari-

able, the angle of the paddle with the

radius. The loss at the ingress will be a

certain function fi (0), that at the egress

fe {0), indicating by jf\ and /' two differ-

ent functions. The variable will be
determined by the condition that fi (0)

+fe (0) shall be a minimum. It would
be difficult and almost useless to deter-

mine mathematically the expression of

that sum as a function of (0). It is

certain that for a given variation of the

gain on one hand is very different from
the loss on the other, and that it is better

to increase the angle of egress. If this

is too small, there is a useless heaping
up at the discharge, which may be a very
considerable part of the lift, or may even
exceed it, and the rule of equal angles

often places the wheels under unfavorable

conditions.

The Katwijk wheels are driven by-two
compound engines supplied with steam
from eight Lancashire boilers, with double
fire-boxes, each 32.8 feet X 7.31 feet, with
seven Galloway tubes. The heating-sur-

face of each boiler is 970 square feet. It

was specified that with a working press-

ure of 5 atmospheres the eight wheels
should raise

—

Feet.

4,288,000 cubic feet per hour with a lift of 4.10

3,532,000 " " " 5.27

2,825,000 " " " 6.88

so that the maximum useful effect should
be 615 H.P.
On the trial of the engines, the number

of revolutions varied from 3.93 to 4.54

per minute. The most convenient for

ordinary working is 4, corresponding to

36 revolutions of the fly-wheel, the veloc-

ity at the periphery being 7.22 feet per
second. The ratio of useful effect to in-

dicated power varied from 33 to 70 per
cent., the average being 50. It is ex-

pected that a higher value will be obtained
after the engines have been in use a little

while, and the gearing has become eased.

The principal dimensions of the build-

ings are

:

Ft. Ins. Ft. Ins.

Engine-house, inside 59 x 49 3
Boiler " " 93 8x65 3

Each of the covered chambers for

the wheels 44 9 x 39 4
There are two chmneys 85 ft. high
above the fire-grates, with an in-

ternal diameter of 6 3

Coal-store 164 0x32 9

The cost of the establishment, exclusive

of earthwork in the canals, was
£.

For the buildings, about 15,000
" machinery " 14,200

Total £29,300

Pumping Station at Gouda.—The ex-

ternal water-levels (of the Yssel) are

—

Feet.

Mean high water 3.64+ AP.
" low " 0.55-AP.

Maximum high water 10.06+AP.
Minimum low " 4.26-AP.

When the station was established, in

1857, six paddle-wheels were erected,

which in 1872 were changed to wheel-

pumps, of which the axis was at 7.21 feet

+ AP, the lowest part of the drum at

2.50-AP, that of the buckets 5.78 feet

— AP. The total available width of

breast was 31.17 feet. In 1873 two of

the buckets, of which there were only

six, broke, and in repairing them the

number was increased to twelve. Under
the direction of Professor Henket the

buckets were made of a curved form, with

the concavity towards the inner water.

Since then repairs have been effected by
Mr. Rijk, who introduced curves with the

concavity towards the outer water, the

curvature being that of a logarithmic

spiral. At one time three varieties of

buckets were in use at the same time on
these wheels, three having Mr. Rijk's
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form, one that of Professor Henket, two
nearly fiat. It was evident that the dif-

ference in the delivery was slight ; Rijk's

system was on the whole preferable.

The steam-engine here is of the same
class as that at Halfweg. The cylinder is

3.65 feet X 8 feet. There are three Cornish

boilers, each having 883 square feet of

heating surface. A table is given show-

ing the performance of the engines dur-

ing the year 1877, from which it appears

that, omitting the months of January,

April, and May, when very little work
was done, and the lift was small, the con-

sumption of coal was 8.6 lbs. per HP. per

lour. Under the same circumstances the

Halfweg engines and wheels would have

given much better results. In the calcu-

lation, the loss of water by slipping and
by the partial filling of the buckets, was
taken at 15 per cent., which is too little.

Some experiments gave 22 per cent, for

this loss.

General Association ofDelfland.—The
total area of Delfland, which ranks next

in importance to Rhineland, is over 74,-

000 acres. Its boezem* is relatively very

small, about 954 acres. Its conditions in

regard to drainage have always been, and
still are, worse than those of Rhineland.

Resides the small area of the boezem, the

natural discharge into the rivers is at-

tended with difficulty, and there was no
artificial means of discharge until 1864,

when a station was established at Vijf-

* Both as regards the internal waters in the dykes
and canals, and the external waters in the boezems,
the conditions are usually expressed by the ratio be-
tween the water-surface at the normal level and that
of the whole polder in the former case, and that of
the entire group of polders forming a general associa-
tion in the latter. Thus the water-surface of the
boezem of Delfland is i

. Each of the separate pold-

ers has its own ratio to the internal waters. These
two ratios are quite distinct, and express relations
which for new undertakings are determined by very
different standards. In the case of the polders the
ratio depends upon the power of the water-raising
machinery, in that of the boezems, upon the regime of
the discharge into natural receivers, rivers or sea,
subject to tidal action. When wind was the only mo-
tive power, this sufficed to drain the polders, but not
as a rule the boezems. For them, therefore, the ratio
depended generally solely upon the regime of the
natural receivers, upon the duration and extent of the
ebb tide, and upon the maximum heights which could
be given to the banks of the canals belonging to the
boezems. For the polders, therefore, the works had
to be so arranged that with the ordinary winds, taking
into account periods of calm, the land could be kept
as tar as possible from submersion. The wind-mills
had to stop working when the wind failed, and also
whenever the water-level in the boezem attained a
dangerously high level. With the introduction of
steam all these relations were naturally changed. In
the case of the boezems the regimen of the receivers
still remains a most important consideration, <->s the
greater part of the water must be discharged by natu-
ral means.

sluizen, upon the Meuse, not far from
Schiedam.
The levels are as follows, referred to

the Delfland datum, D. P., which corre-

sponds to 1.071 foot below AP. :

—

T4 , (Minimum 0.82—DP-
Internal waters

jMaximum 0.66+DP-

f Mean daily high water. . .4.00+DP-
External I

" low " ...0.07-DP-
waters 1 Max. high water, about 7.02+ DP-

LMin. low " " .1.74-DP-

The water is discharged naturally when-
ever the levels admit. There are six

wheels, disposed symmetrically with re-

spect to the motor, of 26.24 feet external,

and 12.47 feet internal diameter. The
width of breast is 4.92 feet. They work
up to 5.38 + DP. The axis is at 8.35 +
DP. The radius of the tangential circle

is 2.75 feet. The system of construction

is similar to that at Halfweg. The en-

gine has a single cylinder 3 ft. 4 in. X 8

ft. 3 in. ; the ratio of transmission is 11 :

4.4. The normal velocity of the wheels

is 4.4 revolutions per minute. There are

three Cornish boilers, 33 ft. X 6 ft. 6 in.
;

the maximum pressure is 3 atmospheres.

A serious defect in the action of float-

wheels is the great diminution in dis-

charging power as the internal water

lowers. At Vijfsluizen, for instance, with

the inner water-levels at 0.66—DP, zero,

and 0.66 +DP, the volumes of water dis-

charged are respectively 1,092, 481, 1,-

263,133, and 1,421,845 cubic feet, that is

to say, that the volume varies from 3 to 4

for the above limits of water-level. The
following are the results of two years'

working. The year is reckoned from the

1st of May :—
1874-5.—Total number of hours

worked, 807. On only thirteen days was
water raised continuously during twenty-

four hours. The longest stretch of work
was 120 hours. The engines were worked
so as always to give a useful effect of 104

HP. The consumption of coal was 7.075

lbs. per HP. per hour, including that

used for getting up steam and banking

the fires while the engines stopped for

short periods.

1876-7.—Number of hours in work,

2,086. Continuous work throughout the

twenty-four hours on twenty-eight days.

Consumption of coal 6.90 lbs. per HP.
per hour.

These results, though deserving of

record, are not entirely trustworthy, as
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they are founded upon the hypothesis
that the useful effect is constant,

Mastenbroek Polder.—This purnping-
station is interesting from the fact that

in 1878 three -wheel-pumps were erected

there, which had been very carefully

studied by two engineers of very high
standing, Professor Henket and Mr.
Backer. These engineers studied the
subject with reference to both float-wheels
and wheel-pumps, and left the choice to

the constructors, the work being let by
tender.

These wrought-iron wheel-pumps were
of a very different form from that pro-

posed by the original inventor. The
specification stated that the diameter of

the drum was to be 16.40 feet, two were

to be 3.61 feet breast, the third 7.87 feet

;

the external diameter was to be 23.61

feet, there were to be twenty buckets of

the form adopted by Rijk at Gouda, with
concavity towards the outer water. The
lowest point of the drum was t» be at the
highest internal water-level. The axis

was to be at 5.90 + AP, and the extreme
internal and external water-levels 1.47—
AP and 5.92 -f-AP respectively. The idea

of the engineers was to take advantage
of the experience obtained at Goudar

and to produce a perfected float-wheel.

The play between the buckets and the
walls was reduced to a minimum by
fastening strips of wood to the edges of

the former. The useful effect was pre-

scribed as under :

—

Lift.
Expansion
of Steam.

No. of Revolu-
tions per Minute.

Discharge. Useful Effect.
Number of Wheels

in Action.

Feet.

2.80
6.56

6
7

5.15
4 19

Cubic feet.

15.892
6.745

HP.
85
85

3

1 (the large one)

It wras specified that upon the comple-
tion of the work there were to be two
trials, one carried out by the drivers and
stokers of the constructors, tlie other by
those of the association under the direc-

tion of the former. The positions of the

water-gauges (a frequent cause of dis-

pute) were definitely fixed, that for the

internal water at 39.4 feet from the axis

of the wheels, the other at 26.25 feet.

The second trial was to last for thirty

days during the three months in which
the constructor was to be responsible for

maintenance. In the event of the con-

sumption of coal exceeding that guaran-

teed by the contract, the contractor was
to pay three-fourths of the capital sum
which would have to be paid by the asso-

ciation to provide the additional coal.

There were nine tenders for the work,
as under, the names being suppressed.

o

Price Price

Maximum Consumption of Coal in lbs. per H.P. per Hour guaranteed.

a

H for Wheel- for Float- Wheel-Pumps. Float-Wheels.

o Pumps. Wheels.

d
Lift, Lift, Lift, Lift,

4.26 feet. 6.56 feet.- 4.26 feet. 6.56 feet.

£. £.

1 4,831 4.792 6.06 6 06 6.50 6.50
2 5,290 5.290 4.84 4.84 4.84 4.84
3 5,078 5.078 4.84 4.84 4 84 4.84
4 5,375 5,375 5.50 4.95 5.50 5 50
5 6,037 6,262 6.83 6.83 6.83 6 83
6 6,230 6,490 7.40 6.45 7.40 6.45
7 6,361 6,563 6.61 6.61 6 61 6.61
8 6.138 6,338 6.61 6.61 6 61 6.61
9 8,125 8.500 5.72 5 72 5.72 5.72
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The tenders were from first rate con-

structors, Dutch, German, and English,

and are interesting as showing their

judgment upon the two systems proposed
by the engineers. The prices included

the whole of the machinery, with boilers,

&c, complete. The contract was let to

No. 1, at the rate of £57 per HP. The
cost of the buildings was £7,166.

The power was transmitted through
the axles of the wheels. '1 he ventilation

of these wheel-pumps was not satisfac-

tory, though the question had been care-

fully considered.

The principal dimensions of the engines

were: Cylinder 2.3 feet X 4 feet ; capacity

of the condenser, one-third that of the

cylinder ; diameter of fly-wheel, 16.40

feet, and its weight 7.38 tons ; ratio of

transmission, 7.81 to 1. The three boil-

ers were of the Cornish type, 28 ft. 9 in.

X4ft.
When the author visited the works

they had been so short a time in opera-

tion that the consumption of coal could
not be accurately ascertained, but it ap-

peared that it would be about that of the

best engines for water-lifting in Holland,
namely, slightly more than 6.6 lbs. per
HP. per hour. He considers that the

opinion of the engineers is justified, that

wheel-pumps and float-wheels are about
equally good.

The engine-house is 46.50 feet long,

and 18 feet broad. The boiler-house (for

three boilers) is 46 feet long, and 27.5

feet broad. The chimney is 78.75 feet

high above the fire-grate. Its section

increases towards the top, the internal

diameter being 3.60 feet at the bottom,
and 4.60 feet at the top.

Zuidplas.—This deep lake owed its

origin to the extraction of peat. It is not
known when this extraction commenced,
but there are legal regulations upon the
subject as far back as the year 1595. At
the beginning of the present centuiw,

windmills driving float-wheels were erect-

ed to keep down the level of the water in

the lake, and in 1825 the Government de-

termined to drain it altogether. The nor-

mal level of the water was fixed at 18.40

feet—AP. The highest level in the Yssel,

into which the water had to be discharged,

was 3.38 feet + AP. The total lift was,
therefore, 21.78 feet, and it was decided
to divide this into two distinct lifts, each

of which was again subdivided into two
parts.

The first principal lift was from the

low-lands to a canal, which was carried

round the lake at a certain level. From
this canal the water was raised to a col-

lecting basin, and thence discharged into

the river by sluices. In this way the

basin acted also as a regulator to the
river, which is subject to great fluctua-

tions of high and low water in times of

flood. These regulating works had to be
of much larger capacity in those days,

when the motive-power was wind, than
would now be necessary. The normal
water-level in the circumscribing canal

was fixed at 13.38 feet above summer
level.

The lift was divided into two parts of

6.69 feet each, and the method adopted
was that of Archimedean screws, driven

by eleven pairs of windmills. From the

canal to the river the water was raised in

two lifts by means of float-wheels, the

lower worked by seven, the upper by five

windmills, a part of the discharge into

the river being by gravitation at low tide.

This arrangement was, however, modified
by the introduction of two steam-engines,

of 30 HP. (actual) each. These were at-

tached to a couple of screws, which per-

formed the whole lift of (in their case)

22.18 feet at once. The erection of these

engines marks an era in the history of

drainage. Although the first attempts at

using steam-power were made in 1776,
near Rotterdam, the only practical appli-

cation had been made at Arkelschenclam,

and as these consumed 31 lbs. of coal per
HP. per hour, it was thought that steam
could not be used economically. The
Zuidplas engines consumed 22 lbs. per

HP. per hour, which in those days was
not considered bad, and led to the adop-

tion of steam for the Haarlem reclama-

tion.

The thirty windmills and the two
steam-engines emptied the lake in 1S40.

and kept it dry. They were all in action

up to 1871. Each windmill, with its

screw, raised the water from 2,352 acres

to a height of 3.28 feet. Each wind-milk
with its float-wheel, raised that from 1,-

898 acres for the first half of the upper
lift to a similar height, and from 2,656

for the second half. The annual cost of

maintaining these thirty mills was very
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high, amounting to about ,£1,800, or

about £60 per mill.

In the meantime the cost and working
expenses of steam-engines have been
much reduced, while improvements in

agriculture require a more perfect regu-
lation of the water-levels, and for these
reasons steam has been gradually substi-

tuted for wind-power. In 1871 ten mills

were removed, and in 1873 it was decided
to replace the remaining twenty by steam.

A Commission of two well-known engi-

neers was appointed, to whom the follow-

ing questions were proposed:

—

I. What is the best machine for raising

7,240,000 cubic feet of water per
twenty-four hours, to a height
varying between 11.3 feet and 12.3

feet?

II. When the height varies between
4.9 and 13.1 feet?

III. What is the best system of en-

gines and boilers ?

IV. What is the estimated expense ?

The answer of the Commission to the
second question was decisive : " Centrif-

ugal pumps. No other machine applies

so well to differences of level in the ex-
ternal and internal water. No other
permits the application upon so large a
scale of the whole disposable motive force

to all lifts comprised within the limits

stated.
" The machine adapted for the maxi-

mum lift will, with lower lifts, discharge
proportionally larger volumes ; while the
useful effect which is produced by the
coal consumed, does not vary to any great
extent."

These statements of the Commission
went rather too far. The duty is any-
thing but constant,* and while it is quite
true that centrifugals adapt themselves
more readily to differences of lift, and
are available for much higher lifts than
float wheels, they have this disadvantage,
which the Commission failed to point
out, namely, that there exists in each case
a minimum velocity, below which they

* Mr. Backer, one of the commissioners, has since
expressed another opinion founded upon his later ex-
perience (''Rapport over den Waterstaatstoestand"),
that the consumption of good coal per HP. per hour
for centrifugal pumps when working at their full pow-
er varies with the lift, and is, for lifts of 7.2 feet, 6.6
lbs. ; for lifts of 1 foot, 2.4 feet : and from 3.3 feet to
5.3 feet, 9.37 lbs., 8.82 lbs., and 7.71 lbs. respectively,
not counting the coal required for getting up steam,
which he puts at 4 per cent, in his own case, but which

ies with the number of interruptions to the work.

will not raise a drop of water, whereas
wheels, piston-pumps, screws, &c, if

working at all, always discharge water.

In reference to the first question, the

Commission could not say that one form
of pump was superior to all others for a

high, but nearly constant lift, and they
therefore recommend that as centrifugal

pumps should be adopted for the second,

they should also be adopted for the first

case, as they consider them as good as

any other form for the purpose, and by
having the whole of the machinery from
the same firm there would be a saving in

cost.

The selection of centrifugal pumps was
subject to certain conditions. They were
to be direct-acting, the disks to be above
the internal water-level, and the delivery-

pipe was to be carried by a bend below
the low-water level of the external water,

so that the lift would vary with that level.

Each pumping-station was to have two
centrifugal pumps (Gwynne's pattern),

driven by separate non-compound direct-

acting engines, capable of raising 2,542

cubic feet of water each per minute. The
diameter of the disk was to be not less

than 6 feet, and the velocity one hundred
revolutions per minute. The suction and
delivery-pipes were to be at least 3 feet

in diameter. The lower station was to

have four, the upper three, Lancashire

boilers, 25 feet X 6.5 feet, with twenty-

four Galloway tubes. The maximum
consumption of coal was to be 6.61 lbs.

per HP. per hour, with lifts varying from
5 to 13 feet.

The recommendations of the Commis-
sion were adopted, and in 1876 the new
machines were set to work.

Tables are given of the performances

of the machinery, but before discussing

them the author makes some observations

upon the float-wheels adopted. For the

lift of 11.8 feet, the diameter of wheel is

32.8 feet, which is believed to be the larg-

est in Holland, though similar wheels, of

a larger diameter, are used in Italy. Mr.
Forster gives a formula for calculating

the diameter as follows : Given i, the

immersion of the paddles, p the lift, then

the diameter D= 9.82 VJ+p =9.82 a/H^
in which H= the height from the lowest

point of the wheel to the highest external

level to which the water has to be raised,

the measurements being in feet.

The Dutch use smaller diameters, part-
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ly on account of the great weight of their

wheels, partly from being accustomed to

wind-power, for which they are more suit-

able. At Katwijk, where the wheels of

most recent construction have a lift vary-

ing from 12.14 feet to 13.17 feet, the di-

ameter is only 31.17 feet, while, according

to the Italian custom, the diameter of the

lowest lift should be 39.6 feet. At Zuid-

plas, i = 3.28 feet, p = 11.8. D should
therefore, by the Italian rule, be 38 feet.

It is only 32.8 feet. It should be ob-

served, however, that the Katwijk wheels
are similar to those used in Italy, but
those at Zuidplas have curved paddles,

on Korevaar's system, and for this reason
the diameter is less than it otherwise
would be, as also is the immersion. For
this type the inventor gives D=2H as

the minimum diameter.

The author has several times seen the

Zuidplas wheels at work. When the levels

are favorable the wheel enters the water
well, meeting it with the edge of the float

;

but the lower wheel, which has a high lift,

does not leave the water as it should, but
throws it to an unnecessary height. The
upper wheel, however, with a lift of 8.20

feet, acts better. For the lower, the di-

ameter of 32.8 feet is too little for the
lift of 11.8 feet, notwithstanding the curv-

ature of the paddles. This curvature,

which is concave towards the internal

water, has a disadvantage attending it,

that when the level of the internal water
lowers to such a depth that the convex
surface, instead of the edge of the paddle,

strikes the water, it drives the water back-
wards to a certain extent, instead of car-

rying it forwards.

The author now refers to the actual

results of the working of the various ma-
chines at Zuidplas. There is this notable
feature about the works, that there are two
pairs of pumping-stations, with machines
of two different types, while those of one
pair are identical in construction, and
work under different conditions as to lift.

The volume of water discharged may be
taken as constant for each pair. The
Tables show that neither with paddle-
wheels nor with centrifugal pumps is the
consumption of coal proportional to the
lift, or to the work done. In the case of

the wheels, the contract specified that the
actual H.P. should be 90 each, and the
total consumption of coal (Ruhr of the
first quality) should not exceed 595 lbs.

per hour with any ordinary lift, with a

penalty or premium of £1 13s. for each

2.2 lbs. over or under 595. It is hardly
necessary to observe that the trial proved
satisfactory and obtained a premium. In
practice, however, the upper wheel especi-

ally was far from satisfying these con-

ditions. The lower wheel, though appar-

ently working under much less favorable

conditions than the upper, gives a con-

siderably better effect, owing to the fact

that with these wheels the effect increases

rapidly with the lift. The weight of each

wheel, with its axle, is not less than 21

tons. The velocity of periphery is about
6.5 feet per second. The actual discharge

of these wheels is 92 per cent, of the the-

oretical. It amounts to 3960 cubic feet per
minute for each wheel, and the lift being

11 feet 9 inches, the actual H.P. is 89.

The consumption of coal in ordinary work-
ing is 7 lbs. per H.P. per hour.

It should be observed that while the

wheels very frequently worked day and
night, the centrifugal worked generally at

intervals, and sometimes for very short

periods, as, whenever the state of the tide

permitted, the water was simply dis-

charged by gravity through sluices, but
the boilers were nevertheless kept in

steam, and the consumption of coal re-

duced to pounds per HP. per hour, is no
doubt greater than it would have been
had the pumps been working continu-

ously. The tables given in the Paper
show that the duty of the wheels was
somewhat better than that of the pumps,
but no doubt this is partly accounted for

by the above circumstance. In these

pumps the power measured by the water
raised varies from 40 to 49.7 per cent, of

the indicated HP., and the consumption
of coal is 7.67 lbs. per actual HP. per
hour.

In one respect, however, the wheels are

decidedly more economical, namely, the

consumption of lubricants. An inspection

of the books for 1877 shows that the

consumption per HP. per hour was

—

Pint.

For the wheels 0.0053
'

' centrifugals . 0123

The principal dimensions of the build-

ings are.

For the float-wheels

—

Ft.

Outside length of engine and boiler-house . . . 09
" width of engine-house 37
" " boiler-house 40
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For the centrifugals

—

Feet.

Internal dimensions of room for two
pumps 38 x 28

Internal dimensions of boiler-house 36x42
Coal store (not roofed) 98 x 66

Engine driver's house 33 x 27

The two steam-engines, with the two
wheels of 32.8 feet diameter, and another,

not working, of 16.4 feet diameter, cost

£5,000, or per HP. £28.

The four centrifugals, with engines and
boilers, cost £11,833, or per HP £46.

The cost of the buildings is not given.

Mr. Korevaar says that the cost in pounds
of float-wheels, including all machinery
and buildings complete is 666 + 66 k, in

which k is the horse-power. This rule

applies to all powers between 6 and 100.

JBulleiotjker -polder.—At this polder

very careful experiments have been made
by the engineer, Mr. Elink Sterk, upon
the performances of the centrifugal

pumps supplied by Messrs. J. and H.
Gwynne, of which the following are the

dimensions :

—

Ft. In.

Diameter of steam-cylinder 18
Stroke 16
Diameter of the disk of the centrifugal

pump 5 7
Width of blades at the periphery 5h
Angle of the blades at the periphery. .

.17°

axis 90
a

Diameter of the suction and delivery
pipes 2 6

Cost of engine, pump and one boiler
£.

(heating-surface 743 square,feet) .... 2,154
Cost of reserve boiler. 472

Total cost 2,626

This is exclusive of erection, and of suc-

tion and delivery pipes.

OBSERVATIONS ON THE CONSUMPTION OF COAL.

Lift from 14.3 feet to 15.3 ft.

Discharge per second,
maximum 41.8 cu. ft. per second.

Discharge per second,
minimum 32.5 cu. ft. per second.

Discharge per second,
mean 36.0 cu. ft. per second.

Mean effective H.P 62.219 "
Consumption of West-")
phalian coal during I 1,938 lbs., or 5.22 lbs.

the experiments,! per H.P. per hour.
which lasted O^ hrs. J

Number of revolutions,
from 134.4 to 136.5

Pressure in boiler, from 66 to 76 lbs.

EXPERIMENTS WITH THE INDICATOR.

Pressure in boiler.. . .71 lbs.

Introduction, from . 10 to 14 per cent.

Vacuum in condenser. 25^ inches.

Revolutions per min-
ute 135.8

Indicated H.P 117.7

Discharge per second,
from 40.20 cu. ft, to 40.64 cu. ft.

Lift 14.5 feet.

Effective H.P 68.57 to 69.07
Ratio of effective to in-

dicated H.P. from 0.583 to 0.587

In these experiments the water was
measured very accurately. The results

are the more satisfactory because the suc-

tion and delivery pipes were unusually

long, 49 and 85 feet respectively. These
pipes are not of constant diameter, but

diminish as they approach the pumps.
It appears that in Italy centrifugal

pumps have been discredited, owing to

unsatisfactory results obtained from a set

erected at Codigoro in 1874 by Messrs.

J. and H. Gwynne, and the author is de-

sirous of pointing out the great improve-

ments effected since that date.

North Sea Canal.—In order to regu-

late the level of this canal, which receives

the waters of very extensive boezems, and

of the polders formed upon the bed of

the Y, the company have been obliged to

erect several pumping- stations, of which

the principal is that of Schellingwoude,

near Amsterdam. A peculiarity of these

pumping-stations is the application of

Appold's turbine pumps, which the author

describes.

The results were by no means satisfac-

tory, the consumption of coal being not

less than 11 lbs., but it is to be noted

that the actual quantity of water raised

was in excess of that for which the en-

gines were designed, and it was upon
this latter that the calculations were

made; also that the lift was less than

was expected, which would partly account

for the excessive consumption. These

turbines, in consequence of these results,

are now never used.

Turbine pumps on a very small scale

are used for draining small areas of about

75 acres, with lifts of less than 1 foot 6

inches. They are made of wood, and
driven by wind power. They occupy a

space of 4 feet by 4 feet, and cost be-

tween £16 and £25.

Except in this diminutive scale turbine

pumps are not now in request in Holland.
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In Italy on the other hand they are said

to answer well.

City of Rotterdam.—Rotterdam has
three pumping- stations with machinery
of an entirely different character to any
of those previously described. Their use
is to regulate the water-level in the sub-

urban part of the town called Polderstad.

They discharge water into the Meuse,
and also introduce fresh water from the

river into the canals. The canals are

greatly polluted by sewage matter.

There are three pumping- stations, two
of which are provided with lift and force

pumps, the third with a Fijnje's pump,*
which is driven by an engine with a cyl-

inder 2.75 feet X 6.89, the size of the I

pump being 6 feetX 4.92 feet. The cost

of the whole machinery was £4,166, or
£104 per HP.
A table is given, showing the perform-

ance and duty of this and the other two
pumps at Rotterdam.

Fijnje's pumps are very simple, but
have the disadvantage of requiring deep
foundations.

Haarlem Lake.—A description of

Dutch pumping machinery would be in

complete if no mention were made of the
three pumping-stations which have dried
up and keep drained the former lake of
Haarlem, covering an area of 44,480 acres.

The emptying of the lake was begun in

1849 and finished in 1852. A table pre-
pared by the engineers, Mr. Van de Poll
and Mr. Elink Sterk, is given, showing
the performance of the engines at the
three stations, Cruqius, Lijnden, and
Leeghwater. The dimensions of these
machines are:—At Leeghwater, engine
cylinders, small, 7 feet, large, 12 feet di-

ameter, stroke 9.3 feet; pumps, 11 in

number, diameter 5.25 feet, stroke 9.3

feet. At Cruqius and Lijnden, the diam-
eters of the cylinders as above, stroke,
8.86 feet; pumps, 11 in number, diame-
ter, 6 feet, stroke, 8.86 feet Ratio of the
effective to the calculated discharge (at

the normal velocity), for Leeghwater
about 84 per cent, (this is somewhat
doubtful), for Cruqius 89 per cent, (this

figure is reliable). The consumption of

coal as found by records extending over

* These pumps were first used in Holland in 1847.
They have since been introduced into Germany, and
lately into America, where, owing to their success at
the Philadelphia Exhibition, they have been applied
on a large scale at several places.

a considerable time is 6.83 lbs. per HP.
per hour.

Mr. Sterk made some experiments with
a view to ascertain the difference in

working at the normal speed of about 7
strokes per minute, and when this was
reduced to 3 strokes. With seven pumps
at work, he found that in the latter case

the indicated HP. was 192, the effective

134 HP., or 0.698 of that indicated. The
consumption of coal was 5.44 lbs. per in-

dicated, and 7.80 lbs. per effective HP.
per hour. When working 7 strokes per
minute, the indicated HP. was 492, the
effective 361, the consumption of coal

4.94 lbs. per indicated, and 6.74 lbs. per
effective, HP. per hour.

The coefficient of useful effect of the
pumps is higher than that of any other
machines in Holland ; that of the motors
on the other hand is small, and the con-
sumption of coal per indicated HP. per
hour is more than double that of good
modern engines.

Comparative Notes upon the Various
Systems.—Besides those described, vari-

ous other hydraulic machines are in use
in Holland, notably a species of Archi-
medean screw, which is very simple in

construction and easily erected. It is

well adapted for working by wind-power,
and is a most useful machine for lifts

which are too high for wheels. It re-

quires, however, that the level of the ex-

ternal water should be nearly constant.

From analytical investigation, and from
experiments carried out under certain

conditions, it would appear that the best
hydraulic machines are piston-pumps,
and the worst centrifugals. Notwith-
standing this fact, however, it is* certain

that in Holland, where pumping-machin-
ery is used to such a very large extent,

centrifugal pumps are preferred, and pis-

ton-pumps are the least used. In all pump-
ing-machinery the duty varies greatly with
the lift ; this is recognized by the makers
of centrifugals, so that in recent contracts
at least three conditions of lift are speci-

fied, and for each the consumption of

coal per HP. per hour is fixed. In the
opinion of one of the principal Dutch
authorities, the mechanical effect differs

much less than is imagined between dif-

ferent classes of machines, and in design-
ing a new establishment the greatest
importance should be, attached to other
circumstances; such as the turbidity of
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the water, the probability of the internal

water-level being permanently lowered in

time, the nature of the foundations, the

method of establishing communication
between the inner and outer water, the

level at which the machine can be placed

with reference to the water to be dis-

charged, upon which depends to a greater

or less extent the facility of superintend-

ing and repairing the machinery, the

security against inundations, the fre-

quency of frost, &c. ; also the cost of

erection and working.

When flood-water conveying a large

amount of debris has to be raised, piston-

pumps are unsuitable, as they are liable

to be damaged, and to have their valves

choked. Centrifugals are better in such

cases, but wheels are the best, and they

have the further advantage that they can

be easily repaired by ordinary workmen.
The motors may be of common types, the

only difficulty being that of adapting

them to low velocities. With a diameter

of 30 feet for instance the wheel must
not make more than four and a half revo-

lutions per minute, and with a single

system of gearing the speed of the en-

gines would have to be limited, for, with
an ordinary speed of 70 strokes per min-

ute, the ratio of transmission would be

which is too high. On the other
15.5,

hand the tendency is to construct engines

to work at high speeds, as being more
economical..

Again, the system of direct action be-

tween engine and pump is the one which
is most economical in fuel, but here the

difficulty is that too high a velocity is re-

quired; for instance, at Legmeer, the

engine makes 168 strokes per minute.

In regard to foundations, wheels are

at a disadvantage compared to centrifu-

gals, for, with a high lift the wheel must
have a large diameter, the sill must have
a low level, and this necessitates massive

and deep masonry. In some cases this

question of foundations is a very import-

ant one, and would determine the kind
of machinery employed.

Another important point is the liability

of the internal water to have its level

permanently lowered. With machines in

which the water is conducted to the

pump by pipes, additional lengths can
always be added to the piping, and the

only difference is that the consumption
of steam will be greater, but with wheels,

screws, and possibly with force-pumps, a
lowering of the level of the water would
require costly alterations. 2T~ ^

It is well known that such alterations

of level occur in draining marsh-lands,
and their amount varies with the nature
of the soil ; their extent is small in the
case of sand, larger in clay, and greatest

in muddy ground.
In regard to the separation between

internal and external waters, the easiest

and safest arrangement is that of pumps
which discharge the water through pipes
which are inserted in masonry walls of

sufficient thickness. With wheels and
screws much larger apertures are re-

quired, and these must be protected by
strong sluices.

The Dutch hydraulic authorities state

as general principles that for lifts above
16 feet 6 inches, wheels cannot be used,

as their diameter would be too great.

When the level of the external water is

subject to great fluctuations screws can-

not be used, as the amount of fluctua-

tion allowable depends upon the radius

of the screw, which cannot be more than
4 feet. When the water is very turbid,

valve pumps are inadmissible ; for mod-
erate lifts, particularly when pretty con-

stant, they recommend float-wheels, if for

no other reason, on account of their sim-

plicity and well-known durability.

It may be stated in general, that the
useful effect of every machine varies

greatly with the lift, and that in estimat-

ing the consumption of fuel, it is not
enough to take the mean ordinary lift,

but the variations must be studied and
grouped together, the consumption due
to each lift per HP. per hour must be
computed from the results of existing

machines.

The following table shows the number
of pumping machines of different types

erected in Holland in the years 1875 to

1881 :—
(See table on page 295.)

The author concludes from the result

of his investigations that no general rule

can be given as the employment of one
or other of the different machines, but
that all the circumstances of each case

must be considered before a decision is

come to as to what machine to use.
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Float-wheels
Centrifugal pumps
Float-wheels and centrifugal pumps,

combined
Wheel-pumps
Screws
Piston-pumps
Various

Totals for each year

1875. 1876. 1877. 1878. 1879. 1880. 1881.

3

1

1

1

1 4
6

12
11

9

9

8
16

3 1 7

1

1

2 12

1

1

4

1

1

3 — 1

2

1

6 — 1

2

10 3 17 21 35 25 28

Totals

38
50

2

30
4
12

APPENDIX.

While the proofs of the last sheets

were being revised by the author, he re-

ceived a copy of the " Tijdschrift" of the

Dutch Institution of Engineers, contain-

ing a paper by Mr. Korevaar, entitled,
" What are the most suitable machines
for keeping polders drained ?

''

Though Mr. Korevaar does not in all

cases agree with the author's conclusions,

the latter sees no sufficient reason for

changing his opinions.

Mr. Korevaar begins by saying that

the only machines which deserve discus-

sion are float-wheels, wheel-pumps, suc-

tion-pumps, lift and force-pumps, and
centrifugals. He considers that all are

effective when rightly proportioned, and
that the first outlay does not differ much
between them. The real point to be
considered is the expense of working,
and he endeavors to ascertain what are

the most economical in this respect. But
first he gives certain rules as to the dis-

charge and lift suitable to each class of

machines.

Float-wheels are capable of discharging
8800 cubic feet per minute, and have the
advantage that they can be worked at

any lift up to the maximum for which
they are designed without any useless

raising of the water. They will work up
to a lift of 12.3 feet, the ordinary limit

being 9.84 feet. For screws he states that

if the external water-level descends more
than about 1 foot 6 inches below the
maximum there will be a wasteful lifting

effect. Limits of lift and discharge are

14 feet and 3,500 cubic feet per minute.
For suction pumps he gives 2,120 cubic
feet and 16 feet 6 inches ; for double-act-

ing lift and force pumps in pairs a dis-

charge of 5,300 cubic feet per pair, and
40 feet or more lift. He estimates the

maximum discharge of centrifugals at

3,500 cubic feet, and lift 40 feet.

Mr. Korevaar gives the following as
the ratios between useful effect and indi-

cated power in the cylinders :

—

Float-wheels 0.67

Lift and force-pumps 0.70

Centrifugal pumps 0.45

He also describes investigations carried

on at fourteen pumping stations from
September 1880 to May 1882 into the
consumption of coal by the different

classes of machines, the results of which
he gives thus in hectoliters of coal con-

sumed per hectare and per meter of

lift :—

Hectoliter.

Float-wheels 1.06

Lift and force pumps 1.06

Similarpumps combined with float-

wheels 1.04

Centrifugal pumps 1.77

Whence he concludes that centrifugals

consume at least 50 per cent, more coal

than the other machines.

The author does not agree with Mr.
Korevaar, whose condemnation of centrif-

ugals he considers to be based upon
somewhat unfair treatment, those experi-

mented upon being of old-fashioned

types, and working under unfavorable
conditions. He also, however, considers

that centrifugals consume more coal than
any other class of pumping machine, and
that suction-pumps consume less. He
insists again, however, on the necessity

of a careful examination of all the features

of each particular case previous to decid-

ing what machine to adopt.
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THE CONSTRUCTION OF CHIMNEYS.*
By JOHN P. SEDDON.

From "The Architect."

Chimneys, at present at any rate, are

integral and important features of ordi-

nary buildings in England. It may be
that they can and will ultimately be alto-

gether dispensed with, and our towns
made, by the progress of economic science,

to resemble those in the East—mere col-

lections of flat-roofed boxes; and these

may possibly be fed with fresh air of va-

ried temperature, and drained of their

fouled air by some parish pump and com-
mon heating apparatus. When this scien-

tific millennium arrives, such dwellings

may be left to purely scientific men, to

whom aesthetic considerations are ques-

tions of superfluity.

I have, however, now to speak as an
architect, addressing a sanitary confer-

ence, upon chimneys as existent, and I

wish to show how they can and should
be treated, that they may be practically

useful and ornamental as well. They
have been both in former times ; witness

the graceful chimney-shafts of Grrosmont
Castle, Southwell Priory, Hampton Court,

and a host of Elizabethan mansions, the

acknowledged picturesqueness of which
is mainly due to the treatment of their

chimney-stacks. Alas ! however, they are

seldom either useful or ornamental now-
a-days, as a glance at the skylines of our
streets mil reveal, since they are almost
invariably disfigured by ugly cowls and
"tallboys.'' These are but records of

domestic misery and discomfort, every

one representing a martyrdom, endured
until it became intolerable ; and their ag-

gregate cost amounts to a tax upon the

inhabitants of our cities which, were it an
enforced one, might lead to a revolution.

Yet the makers of such monstrosities oc-

cupy no inconsiderable space in this very
Health Exhibition, and recommend their

wares as palliatives for a disease which
they assume to be not only universal but
inevitable. I maintain that it is not the

latter, and need not be the former, and
that such costly and ugly excrescences

may be altogether dispensed with, if but a

* A paper read at the Conference of Architects at
the International Health Exhibition.

little attention be given to the proper con-

struction of these portions of our build-

ings—chimneys and fireplaces.

Now, let me ask, why do our chimneys
smoke? Firstly, because, as a rule, air is

not laid on or provided to houses as water
is ; but rather, indeed, it is in general
sedulously excluded. The more sanitarily

impervious (that is to say, air-tight) we
make our dwellings, the more necessary

it is to provide for the admission of fresh

air to their interiors, and, unless this be
done, smoke cannot ascend the flues of

their chimneys ; secondly, chimneys smoke
because the fireplaces are ill-constructed,

and gathered over from the openings of

the fireplaces to the flues in such a grad-
ual manner as to leave large vacant spaces

above the grates, which act as reservoirs

for stagnant cold air, by contact with
which the smoke is chilled and prevented
from rising and being drawn at once into

the flues ; thirdly chimneys smoke because
flues are ordinarily made too large (the

usual size is 14 inches by 9 inches) ; they

should rarely be made more than 9 inches

by 9 inches ; fourthly, because no pro-

vision is made in the flues for such down
draughts of air as may invade them to

expend and exhaust themselves before

they reach the fire-place ; and fifthly, be-

cause the tops of the chimney-shafts are

not carefully constructed with guards
against wind in a proper and sightly—that

is to say, an architectural manner. Usu-
ally all such provision is left to be sup-

plemented by some miserable metal

makeshifts, by the chimney-quacks whose
fantastic creations Dickens satirized so

keenly, and yet, as it would appear even
from this exhibition, quite vainly.

As it is useless to expect that chimneys
can properly perform their office, of con-

ducting readily into the outer atmos-

phere the smoke from fireplaces, unless

their construction is proper throughout,

I shall treat of the fireplace, flue and
chimney-top as a whole, of which the

several parts are inseparably connected ;

and I shall begin at the bottom with the

fireplace, as the most important of the



THE CONSTRUCTION - OF CHIMNEYS. 297

three, and the one most commonly in

fault in the case of smoking chimneys,
although it is generally the last to be
noticed or examined with a view to its

correction. The grate itself, however, I

shall leave for later consideration, though
it is by no means of the least import-

ance.

The first thing to be done is to pro-

vide a good and sufficient supply of fresh

air to the fireplace from the outside of

the building. To insure its being good
it is well, when possible, to bring this

from as high a level as can be arranged,

yet not from the top of the chimney-
stack, lest smoke from other flues be
drawn down thence with the fresh air.

It may be drawn from the lower part of

the stack, just above the roof, by special

air flues brought down the chimney
jambs. This, however, is not always
possible, and then it must be brought in

through the walls or by pipes through
the floors. An advantage of bringing
the fresh air to the fireplace, rather than
to any other part of an apartment, is that

even if cold, it does not produce the in-

convenient draughts usually complained
of. It spreads thence upwards and
gradually, before being finally drawn up
the chimney by the fire in the fireplace ;

whereas, if admitted elsewhere, its pass-

age is direct to the fire, and unpleasantly
so to those .who may intercept its course.

When no provision for air is made, it

has to force its way in at windows and
doors, with the same result, made all the
worse because of the low temperature at

which it enters. The air, however,
btrought to this point, may be tempered
or warmed by being made to pass around
the grate before it is admitted to the
apartment, and an essential for both com-
fort and health is that it should be so

tempered ; every grate, stove, or heating
apparatus should, in fact, be thus made
the fountain or source whence fresh air

is admitted to apartments.
The next point to be considered is

that of the outlet of the smoke from the
fireplace to the flue. The flue should be
here contracted at once to its normal
size, or rather made a little smaller, im-
mediately above the fireplace, in order to
promote a quick draft of the smoke into
it. The usual construction of this part
of chimneys, already adverted to, does
not conduce to this end. The opening
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of the fireplace is gathered gradually, in

an arched form, to the flue, leaving an
objectionable space for cold air. Now,
arch and chimney-bar may be economic-
ally dispensed with by forming a mantle
block in Portland cement concrete in
situ, extending the full width of the

wall, and 9 inches longer than the open-

ing, and 9 or 12 inches deep, pierced

with the smoke flue in the center, and
one for warmed air on either side. These
may be circular, and about 8 inches in

diameter, and thus being slightly smaller

than the flue over, will insure a quick

draft to the smoke flue. The side holes

are intended as outlets for the fresh air

that has passed round the grates, and
thus can be conducted by flues built

above the mantle block to gratings for

admitting it into the apartment, either in

connection with the chimneypiece, or just

below the ceding.

The construction of the smoke flue

from above the central hole in the mantle
block is the next point deserving and re-

quiring consideration, As has been said,

this is ordinarily made 14 inches by 9

inches, but this is too large, and as such

becomes a frequent cause for smoking
chimneys. Flues should not generally

be made more than 9 inches by 9 inches

in brickwork, and are better if lined

with fireclay pipes within such, which
reduces them to about 8 inches in clear

circular diameter. The interior surfaces

of the pipes should not be smooth, or

else much inconvenience will be caused

by frequent small falls of soot, from
its being unable to cling to the pipes at

all.

Midway between the top of the mantle

block and the ceiling line of the apart-

ment, the smoke-flue should have a por-

tion expanded and formed in such a

manner as to break the direct line of

ascent of the smoke. This is in order to

allow down draughts or gusts of air that

have invaded the flues from the top to

expend themselves, without checking the

smoke as it rises from the fireplace. A
flat ledge should be provided in this ex-

panded part of the flue, immediately

under the smoke-flue above, that air

driven down may impinge upon it, and
be diverted, and a sideways rotary mo-
tion given to it, directing it upwards
again, together with the smoke rising

from below. Specially-formed pipes can
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be introduced into flues lined with fire-

clay pipes for this purpose, and more
than one of these may be inserted in

the course of the flues with advantage.

We now have arrived at the chimney-
stack above the roofs, and the principal

object in its construction is to maintain
throughout its warmth, as it is there of

course exposed to cold and clamp ; and it

is well known and observed that those

chimneys which are in external walls are,

from this cause, far more liable than
others to smoke. Pervious brickwork
becomes saturated by rain, and the flues

consequently reduced in temperature are

unable to maintain the requisite upward
draught. It is well, therefore, for this

reason as well as for additional strength,

that the chimney-stacks above the roof

should be built in cement instead of

common mortar, and of impervious bricks

or stone and lined with fireclay pipes.

The tops of the chimney-stacks need
careful arrangement, because the exit of

the smoke from them is very liable to be
disturbed and hindered by gusts of wind,
particularly when beneath other high ob-

jects in the neighborhood. There should,

therefore, be at the top of every flue an
expanded space, within which most down
draughts of air will rotate and expend
their force without invading the flue be-

low; and there should be louvred open-
ings so arranged as to direct the wind
upwards, and so make it to assist, instead
of interfering with or retarding, the exit

of smoke. This is the object generally
and often rightly attempted by the sup-

plementary cowls, at any rate by the best
of them, but it may and should be rather

executed in proper architectural form,
and durable and sightly materials, such
as stone, brickwork or terra-cotta, in-

stead of metal. Terra-cotta is perhaps
specially suitable, as being very easily

manipulated into the somewhat compli-

cated forms required for the purpose.

So much, then, for the construction of

these three parts of a chimney,the fireplace,

the flue, and the chimney terminal of the

stack. Unless all are well and properly
executed, no special appliances for par-

ticular parts can be of much avail. I

have endeavored to point out the general
principles that I think should be attended
to in connection with them, and believing

that the health and comfort of the com-
munity is at present very injuriously af-

fected by their general neglect, I earnest-

ly commend them to the consideration

of this Conference.
There is, however, one more part con-

nected with the chimney, which is per-

haps quite as important as any of the

rest with which I have dealt, but what I

have to say about it is somewhat more
tentative and experimental. This is the

grate within the fireplace. Volumes
have been written about it, and yet it

remains open for discussion and inviting

improvement. My contribution to its

literature will be short, and yet it will

embody the result of much time and
thought expended upon it.

Burning coal principally, as we do in

England, we have to seek in the con-
sumption of its smoke, or at least of as

large a proportion of it as possible, with-
in the grate itself, the solution of the

main difficulties we are considering. For
the smoke being consumed, smoky chim-

neys will be cured. The office of the

flue will then be to convey away the

gaseous products of combustion only,

and not soot. This is, I believe, attain-

able by means of diverting the current

of the smoke, after it has issued from
the top of the fire, in such a manner as

to force it to pass through the body of

the fire before it ultimately is allowed to

escape up the chimney flue. Perfect

combustion is, I think, more to be sought
than what is called " slow combustion,' r

and it is a mistake in my opinion to

smother a fire in its own ashes, by pre-

venting their dripping through a grating

into an ashpan. The cheerful aspect of

an English open fire is not likely to be
driven out of fashion by even Health Ex-
hibitions ; nor if it could be, and the at-

tempt were made, do I think that the

public salubrity would be improved by
the substitution of any description of

close stoves in apartments, notwithstand-

ing the preference they have obtained on
the Continent, and to a great extent in

America. Nor do I believe that any
of the systems that have been proposed
for keeping up throughout dwellings an
equable temperature, are likely long to

curtail the liberty of English subjects to

make their several rooms of whatever

degree of heat it may please their oc-

cupants. I should certainly, therefore,

not advise the most ardent believer in

such a system to expend capital in build-



VENTILATION, WARMTH AND LIGHTING. 299

ing houses otherwise than at present,

or to try to dispense with chimneys, the
construction of which I have been dealing
with.

But there are many grates shown in

this exhibition which presume fresh air

to be brought to them, and in which
means are provided for warming and dis-

tributing such air into apartments, and I

cannot too highly commend the system,
and advise its universal adoption by the
public ; and I may point out that this

can and should be done, more often

than it is, in the case of the kitchen
chimney, which is almost always in use,

and that the air warmed thereby not be-

ing wanted in the kitchen, should be
conducted to the general hall of the

house, which supplies air to the rooms
whenever their doors are opened, though
of course there should be means of shut-

ting it off in summer, when it might
prove rather a nuisance than otherwise.

Trusting then that soon, if it be not
already achieved by any of the grates

shown in this exhibition, that most de-

sirable end, the consumption of smoke
within the grate itself will be successfully

carried out, I conclude these few observa-

tions upon the construction of chimneys,
waiting discussion thereon from the

members of this Conference.

VENTILATION IN CONNECTION WITH WAKMTH AND
LIGHTING.*

By Captain DOUGLAS GALTON, C.B., LL.D., F.R.S.A.

From "The Building News."

In this lecture I propose to endeavor
to explain what are the principles which
should guide us in warming our houses,
and then to endeavor to show how those
principles can be usefully employed in

practice. We must all agree that our
present arrangements are inconvenient in

certain respects, so far as our towns are
concerned. When we bring a large num-
ber of houses together, as we do in our
great cities, the methods which we adopt
for warming our houses conduce to the
production of a very large amount of

smoke and pollution of the atmosphere.
The amount of coal which we burn is out
of all proportion to the heat which we
produce. Therefore, in our towns, the
methods to which we resort for warming
our rooms load with impurities the air

which we have to breathe. Those who
have been born and have lived in the
heart of London, do not know what the
feeling is of breathing fresh invigorating
country air. The question is : How can
we alter this? The first step toward
alteration is to know what conditions we
want to obtain. We will consider, in the
first place, what advantages our present
methods of warming secure for us ; and
next, how we can secure these in ways

* A paper read at the Health Exhibition, July 18,

less hurtful to- our atmosphere. The
open fire is the most favorite method of

warming. So far as the production of

heat is concerned, it is also the most
wasteful. One pound of coal is more
than sufficient, if all the heat of combus-
tion is utilized, to raise the temperature
of a room 20 ft. square and 12 ft. high,,

to 10° above the temperature of the outer
air. If the room were not ventilated at

all, and the walls were composed of non-
conducting materials, the consumption of

fuel to maintain this temperature would
be very small ; but we must change the
air of the room if we are to live in it, or
else the act of breathing would render
the air so impure that we should die.

The air which passes out of the room to
make way for fresh air is warm, and car-

ries some heat with it ; the fresh air

which comes in, if cold, absorbs heat,

which brings up its temperatiu-e to that

of the room. All this entails a develop-
ment of additional heat. For instance,

if the volume of air contained in the room
above mentioned were changed every
hour, one pound of coal additional would
be required per hour to heat the inllow-

ing air, so that to maintain the tempera-
ture at 10° above that of the outer air

during 12 hours would require 12 lbs. of
coal. Besides this, there is a continual
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escape of heat going on through the

walls, windows, ceiling, etc., and thus the

mere circumstances of occupation of a

room entail a greater consumption of fuel

than the mere 1 lb. of coal in order to

maintain the temperature. But the open
fire consumes much more than would be
necessary to keep up the heat. The
principle of the ordinary open fire-place

is that the coal shall be placed in a grate,

to which air is admitted from the bottom
and sides to aid in the combustion of the

coal ; and an ordinary fire-place, for a

room of 20 ft. square and 12 ft. high, will

contain from about 15 lbs. to 20 lbs. at a

time, and, if the fire be kept up for 12

hours, probably the consumption will be
about 100 lbs., or the consumption may
be assumed at about 8 lbs. of coal an
hour. But the consumption of fuel en-

ables the open fire to perform other func-

tions besides those of warming. It is a

great engine of ventilation. One pound
of coal may be assumed to require, for its

perfect combustion, 160 cubic feet of at-

mospheric air ; 8 lbs. would require 1,280

cubic feet ; but at a very low computation
of the velocity of the gases in an ordinary

chimney-flue the air would pass up the

chimney at a rate of from 4 ft. to 6 £t. per
second, or from 14,000 to 20,000 cubic

feet per hour ; with the chimneys in or-

dinary use, a velocity of from 10 ft. to 15
feet per second often prevails, giving an
outflow of air of from 35,000 to 40,000
cubic feet per hour. We have, therefore,

to consider the ojoen fire in two asjoects

:

—1. Asa method of warming. 2. As an
engine of ventilation. In its aspect of

warming, the radiant heat from the fire

does notwarm the air of the room; the rays
from the fire warm the sides and back and
j)arts adjacent to the grate, they warm
the walls, floor, ceiling, and the furniture

of the room, and these impart heat to the
air. The form and material of the fire-

place can thus assist materially the warm-
ing of the air. The rays should impinge
more freely on the walls and floor than
on the ceiling. A projecting chimney-
piece with a surface favorable to the
absorption and emission of heat would be
more favorable to the warming and circu-

lation of the air than one which would
allow the rays to pass to the ceiling. In
an ordinary fire-place the sides should be
splayed, as in the Rumford form of grate;

the sides and back should be of non-con-

ducting material, with a surface favorable

to the rapid absorption and emission of

heat. Thus brick or tiles are better than
iron for this purpose. Similarly, the de-

gree to which the materials of the walls

or floor of the room are unfavorable to

conduction, but favorable to the absorp-
tion and emission of heat, will have a

bearing on the capacity of the room for

warmth. The open fire, moreover, has
this advantage : that a person can obtain

just as much or as httle heat as he desires

by placing himself in front of the fire or

at the side. There is, however, this in-

convenience about the open fire. The
large volume of air drawn out of a room
by the chimney must be supplied from
somewhere, and consequently the very
means adopted to heat the room tends to

produce draughts, because the stronger

the direct radiation, or rather the bright-

er the flame, in open fire-places, the

stronger must be the draught of the fire

and the abstraction of heat. Let us next
consider what are the conditions which
we require for comfort. The normal
temperature of the human body is 98°

Fahr. If it rises much above or falls

much below that, death will ensue. But
the human body is a furnace in which the

process of combustion is continually

going on. Therefore, in order to preserve

the normal temperature, the body must
continually give off a certain amount of

heat. By the laws of radiation, a heated
body parts with its heat more or less

rapidly in proportion to the low or high
temperature of bodies near it. Thus, if

a hot body be placed near a cold body,
the hot body will radiate beat rapidly. If

the hot body be near a body less hot than
itself, but still hot, it will part with its

temperature slowly. Let us apply this

to a room. If you are sitting in a room
near a cold brick wall, you feel what you
think is a draught. It is not necessarily

a draught at all. But the side of your
warm body turned next the wall parts

with its heat rapidly, and you experience

a local chill. If you hang a piece of car-

pet against the wall, the draught is no
longer felt, because the carpet checks the

rapidity of the radiation. Now, the chief

source of heat in the open fire is its radi-

ant heat, and as it warms the waUs of the

room and the furniture, it takes off any
sensation of chill from the walls, &c,
although the air may be comparatively
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cool. You must next bear in mind that the

proportion of radiant heat to the total

heat given out by a heated body, depends
on the temperature of the body. Thus,
with a red-hot piece of iron, or a flame,

the great part of the heat given out is

radiant heat ; whereas, with a body heat-

ed to from 150° to 200°, like a hot-water

pipe, a comparatively small proportion is

radiant heat. Therefore, when you heat

a rooniby means of hot-water pipes, or

by means of warmed air, the walls do not

get warmed in the same proportion, and
although the air may feel warm, the walls

may remain cold, so that the heat of the

body may be radiated to the walls and
give the sensation of chill. I confess

that personally 1 think there is nothing

to compare with what my friend, Sir F.

Bramwell, calls the pleasant, pokeable

fire. But I do feel most strongly that,

however much private feelings may in-

cline us all to use the open fire, it is our

duty, now that our towns are becoming so

vast, to adopt some method of heating

which will produce less smoke. It is not

as if there was any probable and early

limit to the size of London or of other

large towns. They grow continuously,

and London has progressed at the same
steady rate since the beginning of this

century. In 1851 it contained a little over

2,000,000 inhabitants, and was looked
upon as vast and abnormal. It now con-

tains 4,000,000, and is steadily increasing.

The smoke destroys our light, it inj vires

our air, it ruins our furniture, our pic-

tures, our decorations, and with the in-

crease of London, this must go on in an
accelerating ratio. But it requires edu-

cation in the people to get rid of it. The
Smoke Abatement Society sounded the

first note against this gigantic evil. In

response to the demand then made, many
new forms of fire place were proposed

;

but the practical conclusion to be derived
from that exhibition, was that so long as

we burn our fuel in the raw state in our
rooms and in our kitchens, we cannot get
rid of smoke. The main object of the

present exhibition is to educate the peo-

ple in the science of health. The public

has long felt the want of pure water, and
has obtained a supply of comparatively
pure water in the metropolis. The pub-
lic has not yet become fully alive to the
necessity of pure air. It is our business
at this exhibition to endeavor to awaken

the public mind to this want. So far as

purity of air depends on removal of ref-

use from our midst, there is hope that

in that respect this object may be at-

tained, although no doubt even this sim-

ple question is much neglected. Dust is

generally removed in open baskets, and
emptied into open carts, in a manner
which seems to have been designed for

the purpose of scattering it as much as

possible into the surrounding atmos-
phere. But the purity of air which
depends upon the absence of smoke is

another matter, and I fear that it will be
many years before the selfishness of the
community will give way on this point.

The first point to consider is, if we dis-

pense with the use of the open fire, how
can we obtain that comfort which the

open fire-place gives. The comfort of

the open fire is due to the warmth it

imparts to the floor, the walls, and the
furniture. The air of the room is warmed,
not by the rays from the fire, but by the

warmth imparted by those rays to those
various objects. Therefore the air of the
room is somewhat cooler than the walls.

Now there is undoubtedly greater exhila-

ration produced by breathing cool air

than by breathing warm air. This is

readily accounted for. One cubic foot of

cold air contains more oxygen, because it

is condensed, than the same volume of

expanded warmer air. It is thus desira-

ble that air admitted to a room should
not exceed from 55° to 60° tempera-
ture, for comfort in breathing. This
will at once explain to you why the em-
ployment of warmed air alone to warm
your houses does not give comfort. If

the warmed air is admitted at a comfort-

able temperature for breathing— viz.,

about 55°, the walls, which derive their

heat from the air, will be somewhat below
that temperature. The discomfort is

caused by the warm body radiating its

heat too rapidly to the colder walls.

Therefore, if you are to abandon the open
fire, but retain its comfort, you must
warm the walls and floors, &c, of your
rooms. If you can maintain your walls.

floors, and ceilings, at a temperature of

from 55° to 65°, combined with an ade-

quate change of air, you will not experi-

ence much inconvenience from the loss of

the open fire, however nruch you may
regret its companionship and its poke-
ableness, There are four ways in which
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we may effect this. In three of these

ways one fire in each house in a central

position would be used. In the fourth

the heat would be applied in the room
itself by means of gas. It is probable,

however, that a combined arrangement
would be desirable. In all the cases

where the heat is furnished from one fire,

this fire would be in a close furnace for

warming each house, or self-contained

block of buildings,- and thus the fire

could be so arranged by means of self-

feeding apparatus as to be practically

smokeless. The heat from the fire would
be conveyed to the various parts of the

building by hot air, hot water, or steam.

Where warmed air is used, it would be
necessary to adapt the house in its orig-

inal construction to the purpose, because
the air would have to flow up, through
spaces in the walls, from the basement.
Moreover, it would not be economical to

bring up the air in the outside walls, be-

cause then nearly half the heat would pass
direct to the outer air. The warmed air

passing up the central walls of the house
would part with some of its heat to the
walls, and would thus enter the room at

a lower temperature than that of the
walls. In order to draw up the warm air

into the rooms, it would be necessary to

have some means of extracting the air

from the room, so as to draw in the
warmed air. It would not always flow
in of itself in this country. Thus you
see that the warming by means of fresh

air involves ventilation, and moreover
requires, if it is to be thoroughly efficient,

that your architect should have thought
out the whole problem when he first

plans the house, and before you build it

;

otherwise you are met with difficulties at

every turn. In the method of heating by
hot air alone you have this further con-
sideration : The air in the heating
chamber is necessarily at a given temper
ature, and your house is thus heated uni-

formly ; but it may happen, in this cli-

mate especially, that you may want one
room to be warm whilst another is cool.

It is generally on this account that other
methods of heating have been preferred.

It is to these methods of heating that I
would now direct your attention. These
methods are hot-water pipes, or steam
pipes, led from the fire, which is placed
in some central position and arranged to

accumulate the heat in those rooms or

other places which it is desired to heat.

I will at once say that the arrangements
hitherto made for warming by either hot-

water pipes or steam pipes have not ful-

filled the conditions I have mentioned as

being necessary to supply the comfort of

the open fire. The method adopted is to

accumulate a certain amount of heating-

surface in a coil or. nest of pipes, or in

what is termed, in the United States, a

radiator ; but the plan of distributing the

heat by means of a large flat surface

placed close to the wall has been gener-

ally adopted. I do not wish to imply
that it has not been thought of, because
some few years ago, in an Exhibition of

Sanitary Appliances, held at the Society

of Arts, Mr. Pritchett, of Bishops Stort-

ford, suggested something of the sort.

The apparatus consists of a series of re-

ceptacles, or cases, for water. The cases

themselves were formed of ordinary

plates of corrugated metal, strongly put
together, but having a small interval be-

tween them so as to unroll the water, as

it were, into a film, and form a succession

of reservoirs of water, about 30. in. in

height, more or less, as is required, but
only from ^ in. to 1 in. in thickness, en-

abling them, therefore, to be placed con-

tinuously as a dado, or as a series of panels,

round any room or building intended to

be warmed, and occupying scarcely any
appreciable portion of the space of the

room or building. The corrugated form
given to these reservoirs not only in-

creases the area of the external surfaces,

back and front, and imparts strength to

the vessels, but secures a certain amount
of friction in the action of the warmed
water within the vessels, which predis-

poses it to part with its heat during its

circulation. I have never seen this ap-

plied in practice on a large scale. These
panels might conveniently form the dado
of a room, and, if six feet high, would
insure the comfort of the occupants of

the room, as they would effectually pre-

vent persons in the room from radiating

the heat from their persons to the sur-

rounding walls. Such panels all around
the room would especially lend them-
selves to warming fresh air to be admit-

ted into the room. Mr. Pritchett pro-

posed that these should be warmed by
the circulation of hot water ; but it is

certain that it would be more advanta-

geous to employ steam to heat them if they
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were established on a large scale. In
England, steam is not much employed
for heating. We are prejudiced against

it. We fear accidents. It is, however,
a method of conveying heat which is emi-

nently suited to use on a large scale ; and
if we are to hope to abolish our smoke
nuisance, it is by methods of heating on
a large scale only that we may succeed.

Steam heating is extremely simple in its

application. Steam is easily led to great

distances. Steam heated pipes are hotter

than hot-water pipes, therefore their ef-

fect in warming the air in contact with
them is also greater ; and, therefore,

when heating is required on a large scale,

it will be found that it is more economi-
cal to use steam pipes than hot-water

pipes ; besides which, the pipes may be
smaller, and thus in both ways expense
is saved. Highly-heated steam pipes,

moreover, radiate a large portion of their

heat to the walls and furniture of a room.
Heating by steam is universal in the

United States, and the usual system may
be described as follows : The steam is

conveyed from the basement along pipes

to the room or passage where it is

wanted to be used, and there it is passed
into a cluster or coil of pipes, called a

radiator, which gives an enlarged heating
surface. The cause producing the circu-

lation throughout the pipes of the warm-
ing apparatus is solely the difference of

pressure which results from the more or

less rapid condensation of the steam in

contact with the radiating surfaces ; a

partial vacuum of greater or less amount
is thereby formed within the radiating

portions of the apparatus, and the column
of steam, or of water, equivalent to this

diminution of pressure constitutes the ef-

fective head producing the flow of steam
from the boiler, while the return current
of condensed water is determined by the

downward inclination of the pipes for the

return course. Therefore, the flow pipe
should be carried in as direct a line as

possible from the boiler to the highest
point ; all the coils for heating should be
placed on the return pipe, which should
be laid in a uniformly descending line

back to the boiler, so arranged as to pre-

vent the lodgment of any condensed
water on its way there, because, if con-

densed water lodges in the pipes, most
unpleasant and startling noises result.

It is a source of economy in steam heat-

ing that the condensed water should flow

back to the boiler. This is what is

called closed circulation, with separate

supply and return mains, both of which
extend to the furthest distance to which
the heat has to be distributed. It is, how-
ever, possible to carry the steam and
bring back the condensed water by means
of a single main, which answers at once
for both the supply and the return, either

with or without a longitudinal partition

inside it for separating the outward cur-

rent of steam supply from the return cur-

rent of condensed water. If more con-

venient, the return of the condensed
water to the boilers may be dispensed
with, and the steam may be applied in

what is called the system of open circula-

tion, where a supply main conveys the
steam to the radiating surfaces, whence a
return main conducts the condensed
water either into an open tank for feed-

ing the boiler, or into a drain to run to

waste, or for use as hot water, the boiler

being then fed from some other source

;

in either case suitable traps • have to be
provided on the return main for preserv-

ing the steam pressure within the supply
main and radiators. The difficulty of

steam heating lies in regulating the tem-
perature of the pipes. With hot water
you can have your pipes heated to any-

thing you like from 50° to 180°, but with
steam pipes it is different. The heat is

got up very rapidly when the steam is

turned on, and goes off very rapidly when
turned off. There are various arrange-
ments for regulating steam heating when
applied to warm inflowing air. In the
New York Hospital the incoming air is

warmed by coils of steam pipes, and gen-
erally to a considerable temperature

;

but in order to prevent the warmed air

entering the wards at too high a tempera-
ture, this hot air is passed into a mixing
chamber, to which cold ah' can be ad-
mitted at will, so that the hot air can be
mixed with cold air to the extent neces-

sary to moderate its temperature before
it is allowed to flow into the wards.
There is, however, one great advantage
possessed by coils of steam-heated pipes
—they give out a larger proportion of ra-

diant heat to the walls than is given by
hot-water pipes. You can easily under-
stand how much simpler it would be to

warm Mr. Pritchett's dados and wall

panelling by steam pipes carried through
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them instead of by hot water. The next

way in which heat can be applied is by
means of gas. A gas jet warms any sur-

face in contact with it. If, therefore, you
enclose a gas jet in a metal case, and if

you bring air to feed the gas burner from
the outer air, and carry away the prod-

ucts of combustion also to the outer air,

you can use the heat of the metal case to

warm the surrounding air in the room,
whilst the fumes of combustion from the

gas will be taken outside and do no
harm to the air of the room. Gas jets

might thus be applied with the greatest

ease to warm Mr. Pritchett's dados and
wall panels, the gas jets being placed in-

side the dado, and the products of com-
bustion carried to the outer air. Mr.
Boyle has invented a very efficient meth-
od of applying gas to warm inflowing

air at an ordinary ventilator. It is in
j

use at the Guildhall. The fresh air inlet
j

has placed in it a pipe which is coiled

round. A gas burner is placed at the

bottom of the pipe, separate from the air

of the room ; the products of combustion
pass up the coiled pipe, and then down
and out to the open air, the pipe being
warmed by the heat they give out in their

passage, and the fresh inflowing air being
warmed by the pipe. Of course, in all

these arrangements, air must be extract-

ed by flues or fans, or some other meth-
od, so as to ensure a due circulation of

air. But, however advantageous gas
may be in the methods of its application

to warming, and I do not hesitate to say
that it can be easily applied so as to be
hygienically perfect in that respect

;

moreover, you can apply your heat at the

exact point at which you want it, for you
can so arrange it as to give out a low de-

gree of heat for warming fresh inflowing

air, or to give out heat to warm your
dados and prevent your own body losing

its natural heat too rapidly by radiation

;

or you can use it to give out a high de-

gree of heat, and thus to furnish radiant

heat to warm you by direct radiation. It

has only to be carefully adjusted to pro-
duce all these advantages, yet there is

this enormous drawback to its use. At
the price of 3s. 6d. a 1,000 cubic feet, it

would cost to effect these things about
four times the price of coal. I believe

that if it could be supplied so as not to

exceed double the price of coal, it might
be economical to use it, because you can

use it when and where you desire it.

You can turn it off when you leave your
room and turn it on again when you re-

turn, and in this climate, where our
changes of temperature in winter are so
rapid, a uniform heat applied everywhere
often becomes oppressive. Let us con-
sider for a few minutes what is the mean-
ing of revolutionizing the methods of
warming our houses in the way I now pro-
pose. "We should not load our atmosphere
with soot. Each of the fires in a house
requires a separate chimney ; and as, if

the householder were determined to do
all in his power to make the atmosphere
impure, smoke which is arrested in the
chimney flue in the form of soot is periodi-

cally pushed up out at the top of the
chimney into the air, not only to the det-

riment of the occupier of the house, but
to that of the neighbors'—an arrangement
which may be witnessed any morning in

houses where chimneys are being swept.

These inconveniences result from having
separate fires in every house, and for

each separate object. Let us consider,

for a moment, the amount of labor and
expense entailed by the mere supply of

fuel upon this separate system. Take, as

an example, one house of moderate size.

The consumption of coal, at a low calcu-

lation, will be 24 tons a year, which
would require 12 carts to convey it to

the houses—or a street such as Eaton
Place would require 12.000 carts to sup-
ply it with coal. These carts entail the

presence of between 2,000 and 3,000

horses, and each horse causes, by the
manure it deposits in the streets, an
additional pollution of our atmosphere.
"When the coal is placed in the house,

these 24 tons require to be carried up in

coal-scuttles, each holding probably a
quarter of a hundredweight. That is to

say, that there would have to be carried

from the cellar to various parts of the

house nearly 2,000 coal-scuttles full of

coal. The residue would have to be car-

ried down again in the shape of ashes,

probably to the extent of 400 coals-cuttles,

independently of the proportion of ashes

which get scattered from the fireplace

about the room, and have to be cleaned

up by the housemaid. In addition to

this, the dirt engendered by the smoke
and soot sent up into the atmosphere
renders much additional cleaning neces-

sarv, and entails on the inhabitants of
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London a vast expenditure on soap, and
on repainting and redecorating our rooms.

Indeed, the late Miss Garrett, who was
celebrated for her skill and taste as a

decorator of houses, told me she had no
sympathy with the movement for the

abatement of smoke, because she looked
upon smoke and fog as specially sent by
Providence for the benefit of decorators.

The labor thus entailed is wasted force.

It entails vast unnecessary labor and
waste of fuel. Probably if the price of

coal had remained high, as it was in

1875-6, we should ere now have begun to

warm our houses in a more rational

way.
But it is not on the ground of economy

that I advocate a change. It is on the

ground of purity of air. So long as we
pollute the air with soot, not only is the

outside air impure, but the air is so load-

ed with dirt that the careful householder
excludes it from his rooms where pos-

sible. You would all be ashamed to sup-

ply your guests at a party with bad
water. If you were equally ashamed,
which you ought to be, to supply them
with bad air, we should soon take meas-

ures to build our houses so as to keep up
a continual flow of fresh air throughout
our rooms. And then we should be rap-

idly compelled to take measures also for

warming our houses in a way which
would not pollute our atmosphere.

DRAINAGE OF LARGE MARSHES.
By C. E. HOLLISTEK, of Lainsburg.

Transactions of the Michigan Association of Surveyors and Civil Engineers.

Maeshes are not alike in all features,

nor in the ease and manner of their

drainage. Those lying nearly level with
the great lakes would probably have to

be diked and pumped out. But land in

Michigan is as yet too cheap to warrant
resorting to such an expensive process,

and we will therefore omit all this class

of swamps, and leave them to the engi-

neer of the future.

The northern part of this peninsula
was probably once an island, separated
from the main land by a broad strait, ex-

tending from Saginaw Bay westerly
through the region now known as the
Saginaw and Grand Kiver Valleys. This
portion of Michigan is still low, and the
country between the Saginaw and Grand
Rivers, in Gratiot County, is perhaps the
lowest point in the water-shed dividing

the eastern and western slopes of the
State. As this region is some 80 or 90
miles from either Lake Huron or Michi-
gan, the water-courses have little slope,

actually showing at some portions of

their course, at a moderate stage, no fall

in the surface of the water for one or

several consecutive miles, and at other
times having for 10, 15, or 20 miles no
more than 10 to 14 inches fall per mile.

Their channels are very tortuous, with

many a needless mile through marshes

and swamps.
Either the river channel must be deep-

ened or the banks leveed and the marshes

drained by pumping. Fortunately the

former is much the cheaper in first cost,

to say nothing of maintenance.
The problem in such cases is not so

much what to do or how to do it, as it is

to raise the necessary funds for the work.

The present owners are not rich ; had
they been they would have bought up-

land ; they have no idea that the land

will be worth anything if drained, and
the work requires a large expenditure all

along the line, to which they will never

agree except in the case of small streams

of say 20 feet in width. The larger

streams require some other than the com-
mon proceedings under the drain law.

It needs no argument nor any unusual

experience to set forth the unhealthful-

ness of this state of repeated overflow

and evaporation under the summer sun.

But it seems that argument and facts

and long continued agitation may be nec-

essary to convince the people of the

State that they can afford to deepen these

river channels, and that a just considera-

tion for the health and lives of those

living- near such streams will warrant
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the expenditure and demands the assist-

ance of the State in aiding and urging on
this work.

In two noteworthy instances, the deep-
ening and straightening of small streams
preparatory to draining the large areas

of wet land along their courses have
been begun and carried nearly to com-
pletion in Clinton County, under the

drain law, J. N. Smith as County Drain
Commissioner planning and directing

the work. The South Maple, or south
branch of the Maple, has its source in a

pond on%ec. 16, T. 6 N., E. 1. W. ; finds

its way without much channel in a south-

erly direction through wide marshes for

about 2 miles, then makes a sweep east

and then northerly to the Maple Kiver
on section 4 of T. 7 N., R. 1. W. At the
point where it turns east it is about 1

mile from the Looking-glass River, which
at that point flows west in wide marshes.
Marsh land extends continuously from

the creek to the river and drains into

both. It is a noteworthy fact that, if

the creek is cut to the depth of 5 feet

from the surface of the marsh and a

branch extended to the Looking-glass
River, it will bring water from the chan-
nel of the latter river through the creek
into Maple River. The creek drains
about one-third of the Town of Victor,

and about half of Ovid Township. In
some places it flows through a narrow
bottom or swale only a few rods wide

;

but most of the way through marshes or
elm swamps J to | mile wide, the main
line being about 17 miles long, and hav-
ing two branches, one about 4, the other
about 2 miles long, laid out and dug at

the same time.

From the mouth of the creek, for a
distance of 5 miles, the bottom as dug is

to be 12 feet wide, and is to be deepened
gradually as the valley widens until a
depth of 5 feet from the surface is at-

tained. At this point the drainage of

about a square mile of marsh and the
adjacent highlands enters the creek.

Above this place the bottom is narrowed
to 8 feet. About four miles up the
stream is another branch of some miles
in length. Here again the width at the
bottom is contracted to 4 feet. At a
point about 4 miles further up stream
another branch comes in, and the width
beyond is again reduced to 2 feet on the
om. The whole elevation from

Maple River to Cedar Lake is about 95
feet. .

It was proposed to make the bottom
of drain 4 feet below the surface of the

water at the stage when the preliminary
survey was made, but the square mile of

marsh that drains into it lies so flat that

it was necessary to increase the depth
to 5 feet. The work was put under con-

tract in August, 1882, and most of the

work was done by Jan. 1, 1883. The
people along the line were amazed at the

idea of going so deep, and thought it

unnecessary ; now they wish the ditch

was deeper.

The cost was $13,000, and the number
of acres of wet land which is assessed for

benefit is about 3,300, making the cost

about $4 per acre were it all to come
from this land. About $3,000, however,
were assessed to the two towns through
which it ran, for benefit to health and
highway benefits.

The very remarkable fall in this

stream comes from its running north and
towards the low part of the State men-
tioned before. The Cedar River empties

into the Grand at Lansing, the Looking-
glass at Portland, and the Maple at

Lyons. All rise near together and flow

nearly west. If then we cross a little

west of the meridian, we find the Cedar
about 25 feet higher than the Looking-
glass, and the Maple about 120 feet be-

low the Looking-glass.

We find still another class of marshes,

such as the Chandler Marsh—large, flat

;

no creek flowing through them, but usu-

ally a creek leading from or heading in

them. Usually the outlet is level for a

long distance, so that we have a flat per-

haps 4 or 5 miles long, sometimes double

that, and we find that a large expense

|

must be incurred in opening an outlet

before we can begin to drain the marsh.

When the water is drawn out, such

marshes will settle from 1 to 2 feet. The
Chandler Marsh has settled so that large

stones project a foot, where in a natural

state, all was water and soft mud, and no
one thought of finding a stone within

half a mile. The farther down the

stream from the marsh, the shallower is

the muck, the firmer the ground, and the

less it will settle.

In making our calculations, we must,

to save expense, go no farther down the

stream than necessary ; we must lay the
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grade as flat as will work well, and go no
deeper than necessary. Conditions have
operated so powerfully upon parties in

charge of such works, in all the cases

which have come to my knowledge, as to

over-shadow other less obvious but
equally important matters, and have
spoiled the job, making it necessary to

go all over the same work time and again.

Yet if we know and state just what is

•necessary, we often cannot get our plans

adopted, because they look too large.

1. We must allow for the settlement of

such marshes and the derangement of

our grade. Hence we must cut deeper
below and go farther down stream than

at first seems necessary. All fail here.

2. "We must go deep enough to allow

the marsh to settle and still be able to

drain the further edges of the marsh to a

depth of 3 feet with a proper grade to

the outlet.

3. The outlet must be large enough to

carry the water off freely. We must
look up the local water-sheds and see

how much water we have to provide an
outlet for.

The Perrin Marsh, in the town of

Greenbush, Clinton County, is a case in

point. For some years they raised quite

good crops on the marsh, until the

neighbors saw that marshes could be
made productive, and had ditches dug
running back 1 or 2 miles on each side,

but especially on the south. As this is

south of the low part of the peninsula,

the surface slopes rapidly to the north.

These side ditches have a great fall, and
flood the marsh by bringing the water in

too fast for outlet to carry it off. It also

was not dug far enough down the stream.

South of St. Johns is a similar case which
fails for both these reasons, so tiiat the

man who was really the pioneer in re-

claiming the marsh is completely
drowned out and has lost his entire

crop for two years on land where, be-

fore that time, he had raised most spring
crops, tfay and onions.

The Chandler Marsh also has no out-

let. The main ditch stands full of

water, as any of you who cross it on the

J. L. & S. R. R. may see. Of course
nothing can be done with land when the
water stands in the ditches at a level

with the surface.

The water which falls' on a marsh is not
that which makes the greatest trouble in

draining them. It is that which flows

on from the surrounding and higher
lands, and also that which passes through
the soil from the uplands, whether it

comes in the form of springs or by an al-

most imperceptible soaking through the

soil. If we run a branch on each side

of the large marshes, we shall cut off all

this water which comes from the sides.

Otherwise it will flow over the surface

and keep the whole marsh wet. This

water may be drawn in by laterals, and,

in small marshes, with but narrow water-

sheds on the sides, this is the wiser

course, but where a wide marsh is sur-

rounded by a wide strip of flat land, we
shall succeed better if we run near the

edges of the marsh, and drain from each
side of each ditch with laterals.

Some will object to this view, and say

that the middle of the marsh will settle

most, and hence be too low to drain into

the side ditches. In fact, however, the

middle of a marsh is generally the high-

est, and can settle most and yet not be
too low ; but the main reason after all is,

there must be a drain along each edge to

catch the soakage, or we shall not have
it drained ; and the cost will be less than
to first make a main through the middle,

and then laterals and shore drains. If

the marsh is wide, the length of the

laterals to bring in the shore water, es-

pecially if branch drains are needed as

often as one in 40 rods, will be greater

than the excess of the shore lines over a

main in the center.

DISCUSSION.

Mr. J. J. Watkins did not believe that

the bottom of a ditch settles ; can see no
reason for it, and his experience has
proved that the top settles and the bottom
rises, so that the ditch gets shallower

from two causes. Use an 8-rod tape, and
give distance in rods and links ; com-
missioners liked it better.

Mr. S. N. Beden was certain Mr. Hol-
land was correct ; had tested the bottom
many times by reference to a fixed bench
mark ; in one case when the levels had
first been run by another party, and
ditch constructed from these levels, he
had occasion to run the levels again, and
found a perfect agreement with the first

levels on hard laud, but on the marsh the

result showed either an error of the first

party, or that the ditch had settled 12 to
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14 inches ; believed that the bottom of

the ditch had settled
;
put grade stakes

down to grade ; there can be no mistake,

and they remain in the ditch to show the

position of the bottom for all time; get
them down by driving with a sledge on a

turned and graduated hickory stick, with
ferule to prevent splitting ; no difficulty

in getting them down 4 or 5 feet ; con-

sider a gi'ade of 1.6 feet per mile as small

as should be used ; object to less than
.06 foot per 100 feet.

Mr. W. B. Sears thought a better plan
was to leave the top of each grade stake

3 or 4 feet above the grade line.

Mr. M. W. Bullock would like to know
of a small dredge for such work; has had
much difficulty with a floating bog ; fin-

ally conquered it by constructing a flume
in sections and sinking each one to place

;

prefer to drain small marshes by a center
ditch.

Mr. B. F. "Welles said that underneath
the City of Marshall was a layer of sand-
stone so porous and dry that it would
serve as an outlet to marshes if connected.
In one case 10 drive wells in an area of

10 acres removed 10 inches of water in

two days.

Mr. Hodgman—In some cases drive
wells let water up instead of down ; it

depends entirely on the underlying strata.

Many are dissatisfied with drainage be-
cause it is only half done ; drainage
might as well not be commenced as to be
only half completed ; had seen drains
with a large volume of water work well
on a level

; get all the fall possible

;

thought that in marshes underlaid with
clay the bottom would rise, and in -deep
muck marshes it would settle.

Mr. W. Appleton thought that the
well method of drainage would always
work if the well was made deep enough ;

had tried it with good success himself,

and the well worked well for four or five

years ; he filled the well with small
stone, but in time the silt from the
marsh washed among them and ruined
the well by filling the pores

Professor J. B. Davis
the well be made large, and that it be
made deep enough, so that it should ex-

tend some distance into the water taking
strata so as to get a side outlet ; a set-

tling well or basin should first receive
the water and discharge from its upper
surface into the drainage well.

suggested that

Mr. T. W. Petter generally set stakes

once in 20 rods, some commissioners
prefer a grade table to a profile ; must
one be made? (The law requires one.)

Mr. C. E. Hollister believes in putting
the drains on the edge of the marshes
and not through the center ; the water
that does the injury comes almost invari-

ably from the upland ; would have them
far enough from the edge of the marsh
to allow the velocity of the water from
the banks to be checked sufficiently to
deposit debris before reaching the ditch.

Clinton County has spent about $60,-

000 on county ditches the past year, but
the principal construction has been done
by hand. The cost for a ditch with an
average depth of 5 feet, bottom width 8
feet, top width 24 feet, has been $5 per
rod. The best results were obtained

when each man could be induced to take

the contract on his own land ; had much
difficulty with floating bogs. It is im-

possible to dig them out, when soaked
with water; have had good success in

freezing weather, by digging but little

faster than the muck would freeze ; the

least grade depends on volume of water ;

for ordinary ditches should be 1 ft. per mile.

An Aboriginal Dwelling.—A short time
ago there was discovered in a marsh at

Schussenried, in Wurtemburg, a well-preserved
hut of the age of stone. The flooring and
a part of the walls were intact, and, as ap-

peared from a careful admeasurement, had
formed, when complete, a rectangle, 10 meter&
long and 7 meters wide. The hut was divided
into two compartments, communicating with
each otherby afoot-bridge made of three girders.

The single door, looking towards the south, was
a meter wide, and opened into a room 6.50

meters long and 4 meters wide. In one corner
lay a heap of stones, which had apparently
formed the fireplace. This room was the kitchen,
" the living room," and probably a night refuge

for the cattle in cold weather. The second
room, which had no opening outside, measured
6.50 meters long and five meters wide, and was,
no doubt, used as the family bedchamber. The
floors of both rooms were formed of round logs

and the walls of split logs. This, be it remem-
bered, was a hut of the Stone Age. Tt may be
safely presumed that the lake dwellings of the
Bronze Age were larger in size and less primi-

tive in their arrangements. At both periods

the platform supporting the houses communi-
cated with the shore by means of a bridge
(probably removable at pleasure) and with the

water by ladders. These ladders, as appears
from an example found at Chavannes, were
made of a single stang with holes for the staves,

which protruded on either side.

—

Contemp&rary
Review.
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LIGHTHOUSE ILLUMINANTS.
From the "English Mechanic."

The great practical advances made of

late years in the various systems of il-

lumination led to the appointment of a

committee to investigate the most modern
appliances, and to report upon their rela-

tive merits, with special reference to their

adaptability for lighthouse purposes.
This committee, it will be remembered,
was dissolved last year, for reasons which
were publicly stated at the time, without
having effected any practical work. The
Board of Trade, however, subsequently
afforded the Corporation of the Trinity
House the opportunity of undertaking
the investigation, and eventually intrust-

ed the carrying out of the necessary ex-

periments to the Elder Brethren. There-
upon a committee of the Elder Brethren
was formed, which consists of the follow-

ing members:—Captain Sydney Webb
(Deputy Master of the Corporation of the
Trinity House), chairman ; Captain Nis-
bet, Captain Weller, Captain Burne, Cap-
tainVyvyan, Admiral Sir Leopold McClin-
tock, and Mr. Inglis, the secretary to the
Corporation. Mr. Price Edwards, who
was the secretary to the previous commit-
tee, acts in a similar capacity with regard
to the present one. Sir James Douglas,
the engineer to the Corporation, is advis-
ing the committee on points of detail, and
the photometric observations are intrust-

ed to Mr. Harold Dixon. Mr. Vernon
Harcourt, F.R.S., is watching the experi-
ments on behalf of the Board of Trade.
The Corporation of the Trinity House is

acting in conjunction with the Scotch and
Irish Lighthouse Boards, and the repre-
sentatives of various foreign Govern-
ments are taking an active interest in the
experiments, which, we need hardly ob-
serve, promise in their results to prove
of the highest importance to the mari-
time nations of the whole world.
Immediately upon their appointment

the new committee took the necessary
initiatory steps towards carrying out an
elaborate and exhaustive series of experi-
ments with three available illuminants

—

oil, gas and electricity. To this end they
selected the South Foreland for the scene
of operations, as being the most conve-

nient and advantageous for the purpose.
There are already two lighthouses there,

known as the high and low lights, which
are illuminated by electricity. By the
forethought of the Trinity House engi-

neer a surplus of engine power was pro-
vided at starting, and is available for the
present electrical experiments. Then the
surrounding country, being comparative-
ly flat, or only slightly undulating, and
the view unimpeded by trees or hedges,
renders it a most eligible spot for taking
observations far and near.

It is worthy of note that the South
Foreland lighthouses, which were origi-

nally illuminated by means of coal fires,

were the first in which electricity—car-

bon in a more refined and more highly in-

tensified form—was adopted as an illunii-

nant. This was in 1857, when Professor
Holmes first submitted his system of

lighthouse illumination by electricity to

the Trinity House, and received j)ermis-

sion to establish his apparatus in the high
light, the system being afterwards ex-

tended to the low light. England was
thus the first to adopt electricity for

lighthouse illumination. The machinery
and apjDaratus used for these two lights

consist of four of Professor Holmes' mag-
neto-electric machines—two for the high
and two for the low light—which are

both powerful and safe, producing a low
tension current not exceeding 60 volts.

They are, moreover, very reliable, costing

little or nothing for repair. There are

two horizontal steam engines of the

single-cylinder type by Messrs. Hunter
and English, each of 10 horse power
nominal, but capable of developing 30
horse power each. Steam is supplied
from a Cornish boiler 15 ft. long by 6 ft.

diameter, and of which there are two, one
being kept in reserve, as is also one of

the engines, a single engine sufficing to

drive the four Holmes machines, and
those used in the experiments to which
we shall presently refer. And here we may
mention that upon our recent visit we
found a very important permanent addi-

tion was being made to the South Fore-
land establishment. This consists of a
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long one-storied brick building which is

being erected by the Trinity Board for

the purpose of conducting photometric
experiments with very powerful lights,

for which at present there exist no ade-

quate means. This shed is 380 feet in

length, and it will be fitted with the nec-

essary appliances for light testing, and
there in future all the large lights will be
tested.

In connection with the experiments

three temporary wooden towers have
been constructed in a line landwards and
bearing north-west from the permanent
high light. These towers are marked A,

B, and C, and are respectively used for

the electric, the gas, and the oil light.

Tower A is 245 feet from the high light,

and tower B 180 feet from A ; tower C
being the same distance from B. The
focal plane of all the towers is 15 feet be-

low that of the electric high light, which
is 380 feet above sea level. In the elec-

tric arrangements Baron de Meritens' arc

lamps and magneto-electric machines are

employed. At present there are two of

these lamps and two of the machines in

place, but another of each is to be added.

The lamps are placed one above the

other, or superposed, in the tower. The
carbons used in them are compound

—

that is, they are made up of a number of

small carbon rods of square section. The
carbons in use at the time of our visit

were 1^ inches square, and were com-
posed of 49 small square rods, but since

then the new Berlin Code carbons of

Messrs. Siemens have been employed.
The two machines for producing the cur-

rent are placed in the engine house with

the others, and, as we have stated, are

driven by the same engine as the Holmes
machines. Each of the De Meritens ma-
chines is arranged for working at one-

fifth, two-fifths, three-fifths, and at full-

power, the estimated intensity of the

light from each machine at those powers
being respectively 6,000, 12,000, 18,000,

and 30,000 candles. The machines can
either be worked singly or coupled up.

Like the Holmes machines, those of De
Meritens produce a low tension current,

and are found to be very reliable in oper-

ation and inexpensive in maintenance.
The arrangements for illuminating tower
B consist of a small 'gasworks erected by
Mr. J. R. Wigham, of Dublin, whose
burners are used in the tower, his system

having been adopted for lighthouses on
the Irish coast. The gasworks were put
up and the gas illumination is now being
carried out under Mr. Wigham's supervi-

sion. The gas-producing apparatus con-
sists of a small retort house fitted with
two benches of three retorts, the nec-
essary purifiers, and a holder capable
of containing 4,500 cubic feet of gas.

The gas is passed through a meter placed
outside the tower to the burners within
it, and which are four in number. Each
burner is composed of a series of concen-
tric rings of jets, and the light can be
started with a minimum power of 28 jets,

and increased by gradations of 20 jets up
to 108 jets, the full power of each burner,
at which it develops 3,000 candle power.
There are four of these burners super-

posed, and they can be used either singly or

together, the lights being designated uni-

form, biform, triform, and quadriform,

according to the number of burners in

use at the same time. The object of the
variations of power in the lights in all

cases is to meet the varying requirements
of the atmosphere.

In tower C, oil lights are used, and
these are produced by means of burners
of the recognized Trinity House pattern.

For this jmrpose nothing further is

necessary than a tank outside the tower
containing a store of Scotch paraffine and
the lamps and burners in the tower. The
oil is supplied to the burner from the

lamp under slight pressure by means of

an arrangement similar to that adopted
in obtaining hydraulic power, oil, of

course, taking the place of water. The
burners at present in use have six con-

centric wicks, each burner developing
720 candle power ; but Sir James Doug-
las is preparing another burner of much
higher power, having seven wicks, which
will shortly be tried. The burners are

arranged in three stages, and either a

uniform, a biform, or a triform light can

be exhibited as required. The burners-

are in duplicate on each stage, and by an
ingenious arrangement the first lamp can

be shunted out of position if necessary,

and the second one lighted and shunted
into its place without any appreciable

loss of time. Sir James Douglas has
also devised a very simple but effective

arrangement for ventilating lighthouses

by means of which the heated air is carried

rapidly off, but the atmosphere of the
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lighthouse is kept perfectly steady to a

very high elevation in the conecl roof, as

was shown by experiments in this

tower.

Such are the arrangements for produc-
ing the various lights. For testing them,

carefully elaborated arrangements have
been made. An overland route has been
laid down as a line of observation for a

distance of 1\ miles from the towers in

the direction of Deal, and stakes have
been driven at every 100 ft. At half a mile

from the towers on this route is hut No.
1 for . taking photometric observations,

and this is more particularly intended for

fog work. At 1^ mile we come upon hut
No. 2, which is likewise fitted with pho-
tometric apparatus. At the limit of the

range is the third hut, each hut being
conveniently fitted up for the residence of

the official in charge. Arrangements
have also been made for observations to

be taken at the various coastguard sta-

tions within the focal area, at Ramsgate
and other contiguous places, and at vari-

ous points out at sea, including the Gull
and Varne light vessels, which are re-

spectively 8 miles N.E., and 12 miles S.

W. distant from South Foreland. The
observers are supplied with books for

recording their observations in tabular

form, which will ultimately be collected

and their contents collated for the infor-

mation of the committee. The books
contain directions as to the method of

procedure in making observations. Ob-
servers are also provided with charts for

land and sea observations, showing the

illuminated areas to the north and south
of South Foreland. The committee have

quarters at St. Margaret's, contiguous to
the experimental towers, where one of
their body will always be in residence.

Ranging over so wide an area as they
will, and involving so many investigations

as they do, we need hardly Kay that the
experiments will occupy several months,
probably five or six. Every illuminant
and variety of burner adapted for light-

house illumination will be tested under
every possible condition pertaining to
itself and to the atmosphere. The most
important point as regards atmospheric
conditions will be fogs, which will have
very careful consideration. Upon the
occasion of our recent visit splendid
lights of varying intensities were pro-
duced at night by each of the three sys-

tems under trial. The preliminary pho-
tometric observations appear to indicate
that the electric light in comparison with
either the gas or the oil light is as the
sun is to a candle. This, however, is but
natural, but, as a result, it has to be con-
sidered in connection with a variety of
other conditions into which it is not only
unnecessary, but inexpedient for us to
enter. The experiments have at first

been confined to the testing of apparatus
and contrivances already in use. A fur-

ther stage will be devoted to any other
burners and appliances which shall be
submitted to the committee, and after

inspection by them shall be adjudged
suitable for lighthouse illumination. It

is thus open to the whole world to assist

in promoting a movement of the first

importance, which in its results cannot
fail to prove of the highest value to every
maritime nation.

THE SOFTENING OF WATER.*
By BALDWIN LATHAM, M. Inst. C.E., F.G.S.

From "The Building News."

From the remotest period of antiquity,

the art of softening water for the pur-

poses of washing and cleansing appears
to have been known and adopted. Soap
is very largely used, or rather wasted, in

many places in the present day for soften-

ing water, for which it is now well under-
stood that no useful effect in washing is

* A paper read at the Society of Arts Water Supply
Conference, July 25, 1&84.

produced until sufficient soap has been
used as to soften the water. For the pur-
poses of this investigation water may be
divided into two classes, hard and soft.

Hard water is a water which contains
salts of lime, magnesia or iron, and some-
times an amovuit of free carbonic acid.

A hard water is one that destroys soap
in washing, while a soft water is one that
does not destroy soap. A soft water
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may derive its properties from an absence

of earthy salts, or it may have become
soft by reason of the presence of certain

alkaline salts in the water, notably the

salts of soda and potash. Hard waters

may be divided into two classes, those

which are permanently hard and those

which are temporarily hard. Generally

a single sample of naturally hard water
partakes of both these properties. A
water which is said to be temporarily

hard becomes soft by boiling, as the

hardness is due to salts of magnesia or

lime dissolved in the water by the agency
of carbonic acid, or due to the presence

of this gas in a free state in the water.

Under either circumstances the effect of

boiling the water a sufficiently long time

is to drive off the carbonic acid gas, and
a natural softening of the water takes

place from the absence of this gas, and
the earthy salts that have been held in

solution by it in the water. Water that

is perfectly hard derives this property
from the presence of the same salts as

are in water temporarily bard, but in-

stead of being combined with carbonic

acid they are combined with sulphuric

acid, and to soften water that is perma-
nently hard requires very different con-
ditions than is the case with waters that

are only temporarily hard. The qualities

of a good di'inking water have been de-

scribed as : ] st. Freedom from vegetable
and animal matter. 2d. Pure aeration.

3d. Softness. 4th. Freedom from earthy,

mineral or other foreign matter. 5th.

Coolness and delivery at the minimum
temperature. 6th. Lucidity or clearness.

7th. Absence of taste and smell. Although
many authorities insist that for the sake
of health a soft water is beneficial, on the

other hand, there are those who contend
that there is no evidence whatever to

show that even a hard water has any in-

fluence upon health. It is clear, so far as

the health statistics of this country are

concerned, that, if anything, the results

come in favor of persons inhabiting dis-

tricts having hard waters. On the other
hand, it has been thought that particular

diseases which affect particular localities,

such as cretinism and goitre, are due to

certain salts of magnesia which have been
found in the waters of the district. Some
waters which are of remarkable softness,

in which the softness is due to the pres-

ence of certain alkaline salts, especially

those of soda, may be quite unfit for

drinking purposes. A type of this water
is found in the well supplying the Tra-
falgar square fountains, as it is stated

that the large amount of soda contained
in it, if taken habitually, acts medicinally
upon the kidneys. It is also unfit for

washing, as the water is liable to de-

stroy certain colors and stains glass. It

is said to be unfit for bathing, as the
soda combines with the oily matter of the
skin, producing a roughness and liability

to chapping. Water, however, which is

naturally soft, or which has been softened
by means of a process like Dr. Clark's,

which does not add any new element to

the water, has great advantages for many
purposes. It prevents incrustation of

steam boilers and household utensils, it

results in a saving of fuel, less wear and
tear in washing linen, and in the labor of

cleansing ; it saves soap in all washing
and cleansing operations, the water cleans

better, and gives a better color to linen,

and it is also stated to lead to greater

economy in tea-making and brewing, but
whether this is correct or not is very
doubtful, as water used for such pur-
poses is always boiled, and when used in

that state should be as soft as softened
water. The processes which have been
used both in ancient and modern times,

may be comprised under the heads of

boiling, chemical processes, distilling, ex-

posure, freezing.

SOFTENING BY BOILING.

The effect of boiling water is to liber-

ate the carbonic acid which holds certain

alkaline salts in solution, and on the lib-

eration of the acid these salts are precipi-

tated, and [form the coating which furs

our kettles, accumulates in our boilers,

blocks the circulating pipes of our water-

heating apparatus, and is often a source
of danger, and always of expense.

The effect of boiling water in order to

soften it can only be secured when this

operation is sufficiently prolonged. The
commissioners appointed to inquire into

the chemical properties of the water of

the metropolis in 1851, made some ex-

periments on the effects of boiling an arti-

ficially prepared hot water containing

13.5 grains of carbonate of lime per gal-

lon, and it was found to decrease in hard-
ness from 13.5° to 11.2° by being heated
to the boiling point ; after boiling for 5
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minutes it was reduced to 6.3°, for fifteen

minutes to 4.4°, for thirty minutes to

2.6°, and for one hour to 2.4°, so that the

softening effect does not take place at

once, but a prolonged boiling is required

in order to produce the greatest degree
of softening. In order to get rid of the

temporary hardness of water, sharp boil-

ing for not less than twenty minutes is

requisite, but boiling water does not re-

move the hardness occasioned by the

salts, which are neutral ; in fact, the per-

manent hardness of the water is increased

by boiling, as all the water evaporated
leaves a concentration of the neutral

salts in the remaining water. It has also

been shown that the alkalinity of

water is more after boiling than when
softening has been produced by an al-

kaline salt, such as lime ; but both have
the effect of reducing the hardness to

about the same degree. This increase of

alkalinity after boiling is attributed to

the concentration of the neutral salts

consequent on the loss by evaporation.

The temporary salts held in solution by
water are precipitated by boiling, and it

is these precipitated salts which cause
the furring of kettles, hot-water boilers,

steam boilers, and hot-water pipes, and
have led to the adoption in certain cases

of means either for retaining the salts in

solution in the water, or of preventing
their deposit in steam boilers, but as a
rule with only partial success.

CHEMICAL PROCESSES OF SOFTENING WATER.

In a paper read before the Literary
and Philosophical Society of Manchester,
in 1781, by Thomas Henry, F. E. S., a

description is given of a mode of pre-

serving sea water by means of quick
lime, in which the author pointed out
that the earthy base of magnesia was pre-
cipitated in sea water by lime, and its

plice taken by a calcareous salt. He
also referred in this paper to the well-

known action of quicklime on common
water as a preservative. The effect of

the lime, doubtless, upon the sea and
fresh water was to induce abundant
precipitation, which dragged down with
it certain organic impurities, and as a
consequence the water remained free

from putrefactive influence afterwards,
as was clearly shown in the course of his

experiments. The first patent for puri-
fying water by chemical agency in this

Vol. XXXI.—No. 4—22

country was taken out in 1838, for pre-

cipitating by muriate of zinc and salts of

soda, the latter salts precipitating the

zinc from the water, leaving the water in

a purified state. In 1841, Dr. Thomas
Clark, of Aberdeen, took out a patent for

his well known and beautiful process for

softening water, and which has, more or

less, been the basis of all other patented

processes of this description which have

been adopted since that period. Dr.

Clai'k thus described his process in May,
1856:

" In order to explain how the invention

operates it will be necessary to glance at

the chemical composition and some chem-
ical properties of chalk, for while chalk

makes up the great bulk of the matter to

be separated, chalk also contains the ingre-

dient that brings about the separation.

The invention is a chemical one for ex-

pelling chalk by chalk. Chalk, then, con-

sists, for every one pound of sixteen

ounces, of lime, nine ounces ; carbonic

acid, seven ounces. The nine ounces of

lime may be obtained apart by burning
the chalk, as in a lime kiln. The nine

ounces of burnt lime may be dissolved in

any quantity of water not less than forty

gallons. The solution would be called

lime water. During the burning of the

chalk to convert it into lime, the seven

ounces of carbonic acid are driven off.

This acid, when uncombined, is naturally

volatile and mild ; it is the same sub-

stance that forms what has been called

soda water when dissolved in water un-

der pressure. Now, so very sparingly

soluble in water is chalk by itself that

probably upwards of 5,000 gallons would
be necessary to dissolve one pound of

sixteen ounces ; but by combining one
pound of chalk in water with seven

ounces additional of carbonic acid—that

is to say, as much more carbonic acid as

the chalk itself contains—the chalk be-

comes readily soluble in water, and when
so dissolved is called bicarbonate of lime.

If the quantity of water containing the

one pound of chalk with seven ounces ad-

ditional of carbonic acid were 400 gal-

lons, the solution would be a water of

the same hardness, as well water from
the chalk strata, and not sensibly differ-

ent in other respects. Thus it appears

that one pound of chalk, scarcely soluble

at all in water, may be rendered soluble

in it by either of two distinct chemical
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changes : soluble by being deprived en-

tirely of its carbonic acid, when it is

capable of changing water into lime

water, and soluble by combining with a

second dose of carbonic acid, making up
bicarbonic of lime. Now, if a solution

of the nine ounces of burnt lime, forming
lime water, and another solution of the

one pound of chalk and the seven ounces

of carbonic acid, forming bicarbonate of

lime be mixed together, they will so act

upon each other as to restore the two
pounds of chalk, which will, after the

mixture, subside, leaving a bright water
above. This water will be free from bi-

carbonate of lime, free from burnt lime,

and free from chalk, except a very little,

which we keep out of account at present,

for the simplicity in this explanation. A
small residuum of the chalk always re-

mains not separated by the process. Of
17^- grains, for instance, contained in a

gallon of water, only 16 grains would be
deposited, and 1^- grains would remain.

In other words, water with 17£ degrees
of hardness arising from chalk can be re-

duced to 1^ degrees, but not lower.

These explanations will make it easy to

comprehend the successive parts of the

softening process. Supposing it was a

moderate quantity of well water from the

chalk strata around the metropolis that

we had to soften, say 400 gallons. This
quantity, as has already been explained,

would contain one pound of chalk, and
would fill a vessel 4ft. square by 4ft. deep.

We could take 9 ounces of burnt lime
made from soft upper chalk ; we first

slake it into a hydrate by adding a little

water. When this is done we would put
the slaked lime into a vessel where we
intend to soften water gradually. Add
some of the water, in order to form lime
water. For this purpose at least 40 gal-

lons are necessary, but we may add water
gradually until we have added thrice as

much as this ; afterwards we may add
the water more freely, taking care to

mix intimately the water and the lime
water or lime. Or we might previously
form saturated lime water, which is very
easy to form, and then make use of this

lime water instead of lime, putting in the
lime water first and adding the water to

be softened. The proportion in this case

would be one bulk of lime water to ten
bulks of the hard water. It is of im-
portance that the lime or lime water, that

is, the softening ingredient, be put into

the vessel first, and the hard water grad-
ually added, because there is thus an ex-

carbonate of lime produced in the process
more easy. But what you will wish to

know now is by what mark is the con-
ductor of the process to find out when
there is enough of water to take up the
last of the excess of lime, so as to be
enough, but no more. This is done by
what has been called the silver test, the

only test necessary to the operator after

the process is fairly set a-going. This
test is a solution of nitrate of silver in

twice distilled water, in the proportion of

an ounce per pint. In making use of

the silver test in ordinary water we get a
white precipitate ; but if the water have
in it a notable excess of lime water, there

is a light reddish brown precipitate pro-

duced ; but if the excess be very slight,

we only get a very feeble yellow precipi-

tate. The way we make use of the test

is to let two or three drops of it fall on
the bottom of a white tea cup ; then add
the water somewhat slowly ; then, if

there be the slightest excess "of lime, a

yellow color will show itself."

It may be here mentioned that a more
delicate test than the silver test, for as-

certaining if there is an excess of lime in

the water, consists in using a solution of

cochineal, the natural color of which is

yellowish red, which is turned violet in

the presence of alkalies ; and other agents

are now used to show, by distinct color

or its absence, if there is an excess or

not of lime in the softened water. Ac-

cording to Dr. Clark's scale, 1° of hard-

ness means that there is one grain of

chalk in a gallon of water. According
to the scale introduced by Dr. Frankland,

in the sixth report of the Rivers Pollu-

tion Commissioners, parts per 100,000

are used, or one grain of chalk in 100,000

grains of water, so that it is necessary,

in considering the reports of the Rivers

Pollution Commissioners, to bear in mind
this difference of degrees of hardness.

To reduce the hardness to parts per gal-

lon, or to the Clark scale, it is necessary to

multiply by 7 and divide by 10. Hard water
decomposes soap. The amount of soap

ascertained by Dr. Clark to be wasted be-

fore softening the water is equivalent to

2 ounces for each degree of hardness for

every 100 gallons. Dr. Clark introduced

a soap test, or a means by which a solu-
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tion of soap is made to at once indicate

the degree of hardness of a water.

"When pure chalk is burnt into lime, one
pound is converted into 9 ounces of lime,

and this quantity is soluble in 40 gallons

of a water. Beyond this, lime is not
soluble iu water, so that clear lime water
always possesses a known composition.

This amount of lime is equivalent to

98.43 grains per gallon. As one particle

of lime will remove ^-=1.11 of chalk, it

follows that 98.43x1.777=1749, or the
number of gallons of water 1° of hardness
which one gallon of lime water will

soften. In practice, however, while theo-

retically 175 gallons of water of 1° of

hardness may be softened by one gallon
of lime water, owing to the impurities in

the lime, probably not more than 140 to

150 gallons would be softened, so that,

to arrive at the amount of lime water
necessary to soften hard water, if we di-

vide 150 by the degrees of hardness ac-

cording to Clark's scale, it will, gener-
ally, roundly represent the number of

gallons of water which can be softened
by one gallon of lime water. Neither
by boiling nor by the lime process can
all the hardness which is termed " tempo-
rary hardness " be removed ; in fact, a
small quantity of chalk, to the extent of

one part in 5,000 parts,is insoluble in water,
and still remains in solution after the
process. In practice, however, 10-1lths
of the whole of the temporary hardness
may be removed by the lime process. In
carrying out the Clark process, the lime
water is usually applied, owing to the
fact that it is a standard liquid contain-
ing a known quantity of lime, although
cream of lime is sometimes used with ad-
vantage. Large tank space is required
to carry out the Clark process, three
tanks ordinarily being required, one for
filling up, another for drawing down,
and a third in reserve while cleansing is

going on, and each tank should hold a
day's supply. It is important to know
that the salts of iron may be readily re-

moved by the application of lime. This
the author found in the case of a water-
works at Horsham, where the water was
so highly charged with iron that every-
thing it touched was discolored ; but by
the application of lime the whole of the
iron was removed. It should also be
noted that the process has a marked ef-

fect in removing organic matter from

water. This was shown by the Rivera
Pollution Commissioners, and by the an-

alysis published by Professor Wanklyn,
especially in the marked diminution
in the amount of albuminoid am-
monia. The great objection raised

against soft water has been its liability to

produce lead poisoning ; but the concen-

sus of opinion is that water softened by
the Clark process is not liable to attack

lead, which is a point of very considerable

importance in fa^ror of the process. Dr.

Clark's process was first carried out by
the Woolwich and Plumstead Water-
works Company, where it was shown
that the water was successfully softened

from 23° to 7°. These works were sub-

sequently bought by the Kent Water-
works Company, and the process of

softening the water was discontinued.

In the course of experiments made in

softening various waters, it was observed
that, if the water was at all tinted, the

softening process did not clear it ; but
there was a tenelency for the matters

separated to remain in suspension in

such water, so that it was considered ex-

pedient, in softening river water, that the

water should be filtered until quite

bright before it undergoes the softening

process. In 1852 a patent was applied

for (W. B. Bowclitch) to treat water with

clay and alkali, and subsequentlv filter-

ing. Mr. Philip H. Holland, M. E. C. S.,

late inspector to the Burial Acts Office,

suggested as an addition to the Clark

process the use of oxalate of ammonia or

soda to further reduce the hardness of

the water after treatment by this proc-

ess. The use of carbonate of soda for

softening water has been known through-

out the whole country by tea-makers

from an early period. This salt added to

water acts on the bicarbonate of lime

and magnesia, and precipitates chalk

and carbonate of magnesia. It also

decomposes the sulphates of lime

and magnesia, precipitating the lime

and magnesia, while the soda remains

in solution, so that the permanent
hardness of the water is reduced by
the use of this salt. The process,

however, of using soda is much more
expensive than the ordinary lime process,

about 4f times as much soda being re-

quired to produce the same results as

in the case of lime. An old recipe for

softening water, and useful for some do-
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niestic purposes, is as follows : Dissolve

61bs. of pearlasb, or sub-carbonate of

soda, in a gallon of soft water, boil tbe

solution, and when boiling add 2ozs. of

soap, and stir until all the soap is dis-

solved. When this solution is added to

water to be softened, the carbonate of

soda and the soap combining with the

salts, producing both temporary and per-

manent hardness, form an insoluble

compound by the combination with the

soap, which coagulates and rises to the

surface of the water, and may be skimmed
off. As any of the earthy alkaline earths

may be used instead of or in addition to,

lime, it is not sruprising that, since the

date of Clark's patent, numerous patents

have been taken out for softening and
purifying water in which lime, in com-
bination with other alkaline earths, have
been proposed. For example, in 1849
Mr. John Horsley took out a patent for

the use of calcined or caustic barytes,

phosphate of soda, oxalic acid, or prep-

arations of these substances. In 1850,

lime, in combination with chloride of ba-

rium was patented. In 1852, hydrate of

potash and hydrate of soda, clay and al-

kalies were the subjects of separate pat-

ents. In 1853 and 1854, hydrate of ba-

rytes and hydrate of strontia formed the

subject of patents. In 1855 a patent
was taken out for a powder containing
oxalate of ammonia, peroxide of manga-
nese, and charcoal. In 1856, silicate of

soda, in combination with carbonate of

soda, was patented. In 1856, bicarbon-
ate of soda and oxalic acid, in crystals,

were again proposed to be used. In
1856 and 1857, carbonic acid was pro-
posed to be introduced in conjunction
with hydrate of lime. In 1860, bicarbon-
ate of soda and silicate of soda were
again twice patented. In 1862 the ordi-

nary lime process was repatented. In
1863 the use of chloride of barium was
patented. In 1865, hypermanganate of

potash, carbonate of soda, alum and
neutralized aluminite, or a solution

of iron was proposed ; and in another pat-

ent, sesqui-sulphate of alumina was pro-
posed as a means of purifying water. In
another patent, taken out in 1865, the
use of soda and lime is again patented.
In 1866 a patent was taken out by a
Mr. J. W. Tobin for an improvement on
the Clark process for mixing the lime
.and filtering. In 1866 the use of chlo-

rine and permanganates, in combination
with any alkaline earth, was patented. In

1867 a patent was taken out for a prep-

aration in a portable form, consisting of

marshmallow, linseed, bran, starch, gum,
or any softening ingredient, for the pur-

pose of softening water for ablution pur-

poses. In 1868, the use of barytes was
again patented, and the precipitate re-

moved in vessels of a cellular form. In
1869, the use of steam applied to water
as a means of softening it was patented,

the particles subsiding on shelves ar-

ranged in a vertical vessel. In 1872, un-

slaked lime and sulphate of soda were
patented as a means of purifying water.

In 1873, the lime process, in conjunction

with a mixing and filtering arrangement,

was patented ; also lime, carbonate of

soda, chloride of barium, or other reagent

in conjunction with filtering. In 1874,

the treating of water with lime and car-

bonate of soda in combination with filtra-

tion was proposed. In 1875, the lime

process, pure and simple, and in com-
bination with other reagents and filtering,

was patented. In 1876, the lime process

in combination with filter presses was
first patented by Mr. Porter. In 1877,

the use of oxide of magnesia and basic

carbonate of magnesia was proposed

;

also the use of a carbonate of potassa,

silicate of soda and niter cake, used

separately or combined. In 1878, a

patent was taken out for combining bi-

carbonate of soda with the lime process,

and filtering upon the Porter-Clark plan.

In 1879, Mr. Porter took out an addi-

tional patent for carrying out automatic-

ally the softening and purifying of water.

In the same year phosphoric acid and
phosphate of lime were proposed as a

means of softening water. In 1880, the

means of automatically carrying out the

softening process, and adjusting the

qualities by means of an arrangement of

ball valves in a cistern, was patented. In

1881, Mr. Porter took out a further

patent for the automatic regulation of the

supply of the solution of lime. In 1881,

Mr. Atkins took out a patent for treating

water with lime, and subsequently filter-

ing through a specially-constructed filter.

In 1882, an apparatus for softening and
clarifying water was proposed, in which

sloping shelves in a vertical vessel were

used, the water entering the bottom of

the vessel and flowing off at the top ; or
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concentric cylinders overflowing from one
to another might also be used with the

same object. In 1883, Messrs. Gaillet

and Huet's apparatus for softening water
was patented, consisting of sloping and
V-shaped shelves in a vertical vessel, the

water entering at the bottom and flowing

out at the top. The use of steam and
caustic soda was also patented. A patent

was also taken out for the use of phos-

phate of soda, and an apparatus for

measuring the water and lime to be used
in the softening process.

MODERN INVENTIONS FOR SOFTENING WATER.

The modern inventions for carrying

out the Clark process may be described
as the application of machinery to the

saving of time, space and labor. Of
those in general use, dealing with them in

the order of date, the Porter- Clark proc-

ess comes first. In the ordinary Clark
process, lime water, in known quantity,

is first admitted into a tank, to which the

water to be softened is added. HoAvever,
in some cases, the lime water and the
hard water are allowed to flow in to-

gether into the tank, but it was consid-

ered by Dr. Clark to be an advantage, in

carrying out this process, for the hard
water to be brought into contact with an
excess of lime water in the first instance,

which was led into the tank before the
water to be softened was added. In the
ordinary Clark process, not less than 16
hours were required for the softening
and subsidence of the matters separated
from the softened water. In the Porter-
Clark process, instead of allowing the
particles of carbonate of lime to separate
and subside, a brisk agitation is main-
tained, so that these particles remain in

suspension, so as to permit chemical re-

action with the lime, and the purification

of the hard water which, when completed,
is passed onward to filter presses, where
the carbonate of lime adheres to the
filtering cloth. The subsequent opera-

tions of filtering through the deposit on
the cloth then takes place, and the water
is passed away at once in fit state for

use, so that the process is continuous in
its action, and may be carried on just as

quickly as water may be pumped from a
well, provided the apparatus is of suffi-

cient capacity to allow time for the water
to remain in contact with the lime in

passing through the machine. The lime

in this case is passed through horizontal

cylinders, which are termed lime churns,

and is constantly churned up with water,

and the lime water so made is, by suit-

able arrangements, allowed to mis with
the ordinary water in proper proportions,

after which it is again agitated. Mr.
Porter has also an apparatus by which,

instead of using ordinary filter presses,

he can use filter frames, and where power
is not available, he also' suggests a means
of working the process without such
power. In some cases the power ob-

tained from the pressure of the water is

utilized for working the apparatus. An
apparatus of this description may be
seen at the Camden Town locomotive
sheds of the London and North-Western
Railway, and the apparatus may also be
seen at work within the Health Exhibi-
tion.

THE ATKINS PROCESS

Is also a modification of the Clark proc-
ess, by which the space formerly required
is reduced. The lime is put into a vessel

where lime water is formed, and this

water is allowed to mix in its proper pro-
portion with the water to be softened in

a specially-arranged mixing vessel, after

which it passes into a reservoir of small

dimensions. From this reservoir it is

conveyed to filtering vessels which con-

tain a special arrangement of filter, con-

sisting of a series of chambers mounted
upon a central hollow shaft, these disc

chambers being covered with prepared
canvas, upon which the deposit of chalk,

&c, adheres, and through which the

softened water filters. The filters are

cleansed by means of revolving brushes.

The apparatus does not require power to

maintain it while at work, the oniy power
used being that necessary to give motion
to the brushes when the apparatus is

cleansed. The system may be seen at

work at the Henley-on-Thames Water-
works, and at other places.

IN THE PROCESS OF M. MAIGNEN

A powder is used which the inventor

calls " Anti-calcaire." This powder is

made of variable composition in order to

suit the special characteristics of the

water to be treated, the ingredients used
for ordinary hard water being lime, soda
and alum in suitable proportions. In
the apparatus, which is at work at the
International Health Exhibition for soft-
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ening water for some of the breeding
tanks, the water entering the apparatus

gives motion to a water-wheel, which in

its turn works an arrangement for dis-

tributing a given quantity of the soft-

ening agent, and causing it to pass into

the water. The water is then allowed to

subside in a small tank, and is eventually

filtered through filters covered with as-

bestos cloth, the basis of the filter

being similar to that of the " Filter Ra-
pide." A part of the carbonate of lime

and magnesia deposited from the water
adheres to the filtering surface, and the

softened water filters through it. The
apparatus may be seen at work in the Ex-
hibition.

THE PROCESS OF MESSES. GAILLET AND HUET.

In this process, patented in February,
1883, the patentees make use of certain

known agents, the patent itself applying

to the apparatus used for the purpose of

producing the results after the chemicals

have been applied. The agents they
propose are lime and caustic soda.

Whenever the water contains organic

matter, they use salt of alumina or iron

in addition. Iron, however, is not recom-
mended in any case where the water is

required for washing purposes. The ap-

paratus consists, virtually, of a series of

tanks in duplicate, in which the chemicals
are mixed, and these enter a vertical pipe
in proper proportion to the water to be
softened, and which communicates with
the bottom of an upright chamber di-

vided by a series of sloping shelves

through which the water gradually
works up in a zig-zag path. These
shelves slope in one direction and are of

V-shape, so that as the deposit takes
place it accumulates at one point, at

which there is an opening ordinarily

closed by a tap, and when any tap is open
the deposit on the sloping shelf com-
municating with it is washed out. The
apparatus appears to be extremely simple
in its design, but its efficiency has yet to

be tested, although it is at work at

Messrs. Duncan's, Victoria Docks.

PURIFICATION BY DISTILLING.

Purifying water by the process of dis-

tillation has been used from remote
periods in order to produce absolutely
pure water, and during the last forty
years very great improvements have
been adopted in order to bring this

j

process into more general application in

connection with the purposes of water
supply. The difficulty of obtaining ab-

solutely pure water is practically ex-

emplified by this process, for in attaining

this result, unless the water is distilled

some two or three times, and every time
a large proportion of the residue is dis-

carded, pure water cannot be obtained.

In the case, however, of water distilled

for dietetic purposes, it is not necessary

to carry out the process to the extent

required, in procuring water for some
chemical purposes. It has generally

been considered that distilled water
lacks aeration, and on this account it has
been strongly recommended that it should
be filtered. The great improvements in

the processes of distillation are due to Dr.

Normandy, whose first patent, taken out
in 1851, has been improved upon by
many subsequent patents. The process
has been adopted with the greatest ad-

vantage in many of our ocean steamers,

and the preservation of the health of the

crews and passengers visiting countries

liable to the ravages of epidemic disease

is, in great measure, due to this process.

It is generally believed by many high
sanitary authorities that if this system
were adopted at malarious stations, one
of the largest channels by which infec-

tion is disseminated would be effectually

closed.

SOFTENING BY EXPOSURE.

The exposure to the air of water con-

taining salts which are held by carbonic

acid causes a loss of carbonic acid. "Water

of deep wells which has been in contact

with chalk and other rocks often contains

free carbonic acid by exposure, especially

under the inequalities of diurnal temper-
ature, the original charge of ground air

is got rid of, and atmospheric air takes

its place. On exposure to air, hard
waters are especially liable to develop

vegetable growth. A few days' exposure
of very hard water in the summer time
will soon develop green confervoid

growth, and so soon as this growth takes

place, carbonic acid is rapidly used up by
it, so that the bicarbonates in the water
are soon converted into simple carbon-

ates, and are precipitated. Water, there-

fore, exposed to air undergoes a chemical

metamorphosis ; the bicarbonates of lime

and magnesia are converted into carbon-
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ates, and are precipitated, and it is in

this way that exposure assists in soften-

ing water.

SOFTENING BY FREEZING.

Ice taken from hard or other impure
waters, if found to be perfectly crystal-

line and free from air bubbles, will pro-

duce, on melting1

, a water as soft as that

of distilled water. If, however, the ice

contains air bubbles or cavities of any
description, such water will not be en-

tirely pure. Some years ago the author
made an extensive series of experiments
upon the degree of purity which might
be arrived at by freezing water, when it

was shown that the act of freezing may
be carried to such an extent as to pro-

duce in the remaining water, a precipita-

tion of the salts in solution, but ice

frozen upon very superficial water was
found very liable to have the impurities

frozen in it which adhered to the under
sides of the ice, and which became em-
bedded in it by subsequent freezing,

while water which has been largely de-

prived of air by boiling or exposure,
upon being frozen, if perfectly crystalline,

will produce absolutely pure water. Sev-
eral patents have been taken out with a

view to freezing sea water so as to fur-

nish a supply of fresh water on board
ship, but such processes will not com-
pete, from an economical point of view,

with the process of distillation.

GEOLOGICAL.

The geological formations which fur-

nish water of a quality suitable to be
softened are those of the dolomitic or

magnesian limestone, which gives great

hardness to water, for while salts of lime

render water hard and troublesome in

washing, those of magnesia cause the

water to curdle and render it consider-

ably more disagreeable for washing and
ablution. The mountain limestone, which
is ordinarily of an impermeable nature,

does not yield water of such a hard
quality as those of the magnesian lime-

stone. The waters of the oolite and
chalk are chiefly hard from what has been
termed temporary hardness, that is due
to the presence of bicarbonates of lime

and magnesia in the water, which may be
got rid of by boiling, or by the lime

process. The waters of the new red
sandstone and Permian beds vary con-

siderably in hardness ; many of them
have a considerable permanent degree of

hardness, but there are none of them
which may not be softened to a great ex-

tent by the adoption of the lime process,

while this process, in combination with
the other alkali earths, such as soda,

when the water is not intended to be
used for dietetic and washing purposes,
will still further reduce the hardness of

these waters. The surface wells of the
country, usually sunk in drift covering
various geological formations, furnish
water of various degrees of hardness.
Scarcely any such wells yield a soft water,

and in most instances, when these wells

are sunk in populous places, in addition to

their natural hardness, the waters are

highly polluted, and such waters ought
never to be used for dietetic purposes,
unless they are first boiled.

Aeecent writer in the North China Herald,

discusses the part played by mercury in

the alchemy and materia meclica of the Chinese.
Cinnabar was known to them in the seventh cen-
tury before the Christian era, and its occurrence
on the surface of the .earth was said to indicate

gold beneath. Their views on the transforma-
tion of metals into ores and ores into metals by
heat and other means took the form of a chemi-
cal doctrine about a century before Christ, and
there is now no reasonable doubt that the Arabi-
an Geber and others (as stated by Dr. Gladstone
in his inaugural address to the Chemical Society

)

derived their ideas on the transmutation of

metals into gold and the belief in immunity from
death by the use of the philosopher's stone from
China. Among all the metals with which the

alchemist worked, mercury was pre-eminent,
and this is stated to be really the philosopher's

stone, of which Geber, Kalid, and others spoke
in the times of the early Caliphs. In China it

was employed excessively as a medicine. On
nights when dew was falling, a sufficient amount
was collected to mix with the powder of cinna-

bar, and this was taken habitually, till it led to

serious disturbance of the bodily functions. In
the ninth century an Emperor, and in the tenth
a Prime Minister, died from overdoses of mer-
cury. Chinese medical books say it takes two
hundred years to produce cinnabar: in three
hundred years it becomes lead : in two hundred
years more it becomes silver, and then by ob-
taining a transforming substance called " va-

por of harmony" it becomes gold. This doc-
trine of the transformation of mercury into

other metals is 2000 years old in China The
Chinese hold that it not only prolongs life, but
expels bad vapors, poison, and the gloom of an
uneasy mind.
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MAXIMUM STRAINS IN JOINTED BOW GIRDERS.
By EMMERICH A. WERNER, C. E.

Contributed to Van Nostband's Engineering Magazine

Exteknal Forces in Bow Girders
with Joints.

For the correct- calculation of the

strains in any girder, it is necessary to

know the external forces acting upon it,

and the greatest values they can assume.

To show how to find these external

forces and their greatest values in bow
girders with joints is the object of this

treatise.

The external forces consist of the loads

(primary forces) and the reactions of the

abutments (secondary forces).

If only vertical reactions act upon the

girder, it is called a beam, if vertical and
horizontal reactions are acting, it is called

a bow girder.

As there are only three equations ex-

pressing the equilibrium of the forces of a

rigid system in the plane, it is only possi-

ble in the case of a beam on two supports to

find the reactions of the abutments direct

ly.—In all other cases the necessary equa-

tions for expressing the reactions of the

abutments must be found by other means.

-

The simplest way is the use of joints.

—

The joint presents no difficulty as to the

construction, and gives on the other side,

perfect security for correct acting.—The
moments necessarily become zero in the

joints

ABC represent that line of a bow
girder, in which the horizontal reac-

tion of the abutments, or the thrust of
the bow is acting. I will call it the line

of thrust.

The bow has joints on the abutments
and in the crown. A,B are the abutment
joints, C the crown joint.

Let the line ABC be referred to rect-

angular co-ordinates, with the origin in A.

QQ,H= be the vertical and horizontal

reactions of the abutments.
1= span of girder.

f= ordinate of the crown joint, at the

same time greatest ordinate of the bow.
G,G„G= sum of all the loads from

cc=o to cc=aj; from x=x to
I -.

cc=^ and

g^g^gs
= abscissae at the points of ap-

plication of G^G.,.
M^ = sum of the moments of all the

forces in the point x.

Yx = the vertical reaction of the abut-

ment, less Gr

TZX = sum of the shearing forces nor-

mal to the line of thrust in the point x.

Sx — sum of the vertical shearing forces

in the point x.

jjx = angle of the tangent of the line

of thrust in the point x, with the x
axis.

:an2'le of BC or AC with the x axis.

Or
G^A +G^ +G^

I

= G,(Z-^) + Gj/-r/J+G
s a-^)

I

H/= Q,
-G=M)

from - to I.

H =

M,

M3

G,j7, + G,& + G3 <*-&)

2f
= Q,x—G

l
(x—g^—B.^

2fx + ly

2fl

2fx + ly

(1)

(2)

(3)

(4)

(5)

= c^ji- +

+ G2 }
C-.

Yx = Q-

2fl

-G,

+ G
3
(;-£

3 )

2fx-ly
l

ds
x COS.

J.'x H sin. Px

(6)

(7)
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Src —
II

COS. //5

=^J==V»'-H tang.yu, (8)

=- g^(t

dx

tang. fjx

V +

+ GU1

+ G,(/--

+
tang. «a

-)
2/- /f

+

/l tang. ^ \

•Hi

—

w) (9)

S
<*& + <*&+&#-&

—tang. fjx . . (10)

iVb restriction is made as to the distri-

bution of the loads over the girder. The
loads can be distributed in any way over

the structure.

According to the tioo distinct kinds of

loading, the disquisitions must also be
divided into tioo distinct parts

:

(1) for loads at rest.

(2) for moving loads.

LOADS AT REST.

QQ 1
H.= Reactions of. the Abutments.

They are constant. The absolute value

of H is increasing with decreasing f or

height of the bow.

S= Shearing Forces.

dll
S.*

dx'
thus the value of S is

max. or min. in the points M= o and it is

zero in the points corresponding to the
maximum or minimum of M. In equa-
tion 9 the first member is always nega-
tive, hence S is a maximum in x=o and

x=l and a minimum in x==, M being
A

necessarily zero in these points in conse-

quence of the joints. S is zero in the

points corresponding to —=— = o.

In using x as abscissa and Hx as ordi-

nate, the law governing the values of S
can be graphically represented by a plane

curve—the curve of the shearing forces.

The form of that curve depends upon the

form of the line of thrust and the way of

loading the girder. If the line of thrust

is a common parabola and the loads are

equally distributed over the girder, the

curve of the shearing forces are two
straight lines as represented in Fig. 3.

M= Moments.

The moments are zero in -o x= ~

crease as long as S.r =-,— is positive or

and x=l in consequence of the joints.

In the points corresponding to —-= o

the values of M are maximum or mini-

mum. The values of M increase or de-

<m

negative. In cc=o S is a maximum or

positive, hence the values of the moments
reach always a maximum between ;c= o

and x=~ and a minimum between x=^r
A 'A

and x=zl.

If we use x as abscissa and ~MX =y as

ordinate, the law governing the values of

M will be represented by a plane curve

—

the curve of the moments.—The form of

the curve of the moments also depends
upon the form of the line of thrust and
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the mode of loading. If the line of thrust

is a common parabola and the loads are

equally distributed over the girder, Fig. 4
represents the curve of the moments.

MOVING LOADS.

The value of the external forces now
depends upon x as well as upon the posi-

tions of the loads on the girder. But in

first taking x= constant and only altering

the positions of the loads, we obtain the

variations of the forces in a point of the

girder and especially the positions of the

loads corresponding to the maximum and
minimum values, which the forces can as-

sume. Considering then the moving of the

loads over the girder, as a series of loads

at rest, it will finally be easy to apply the

above derived laws and especially to de-

fine the course of the maximum and mini-

mum values.

QQ^H^ Reactions of the Abutments.

Eqs. 1, 2, and 4 show that they are

independent of x and vary only with the
positions of the loads. All the members
of these equations are positive and in-

crease with G. Hence the values of QQ :

H increase as the loads are covering the

girder and reach their maximum with full

loaded truss. The absolute value of H
moreover increases with decreasingf or
height of the bow.

M=Moments.

In equation 6

—

x, y being constant

—

the first member is always positive, as

can be easily verified in writing its coeffi-

cient :

2fx + ly\ _l(f-y)+f(l-2x).
V 2/7 I

~

The third member

2/1.

G«M^1=G
>
(l

-^-{l
r

is always negative, I being the tangent

2

of the angle of the chord AC or BC

and the x axis ;
- the tangent of the
x

angle of Ay and the x axis.

The second member only can change
its sign, while the loads are running over

the girder. The absolute value of M thus
depends from the value of this second
member, increasing or decreasing as long
as it is positive or negative.

Fig. 5
Mmax

Hence M is a maximum or minimum,
when:

2fx + lu
x-v-2fT=oor

2flx -.,.

'•=w^=m •
(11)

m can easily be graphically constructed.

It is the abscissa of the intersection of

the chords BC and Ay, Fig. 5. The
demonstration follows directly from the

figure.

Equation 11 can be put in a more con-

venient form for use (see Fig. 5.) It is :

f.
y

y

.

or in calling -=tang. y

771= 1.

tang.///

tang, y + tsaig. juf

(12)

(13)

For gn=m the second member of equa-

tion (6) becomes zero. This is only pos-

sible when G„ itself is zero. Thus g2
=m

represents the limit of G
:
or that part of

the x axis, which must be covered with

the rolfaig load, to 77%ake the value of M
a maximum or minimum.

Values of g^ less than m make the sec-

ond member positive,—values greater

than m make the second member nega-

tive.

Hence the value of M is a maximum
when the x axis is covered from x=o to
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x=m, with rolling load, a minimum,
when the x axis is covered from x=m to

x=l with moving load, as repi-esented in

Fig. 5.

This rule discloses a very remarkable
property of the bow girder. It shows
that the maximum or minimum of M in

any point of the girder depends only
upon the form of the line of thrust and
is independent of the way the loads are

distributed over the girder.

In reversing the above given method,
it is easy to find for any load at rest, that

point of the girder, in which M is a max-
imum or minimum. It is sufficient to

draw the chord BC and from the inter-

section with r—the ordinate at the end
of the load—a line to A. The intersec-

tion of the latter line with the line of

thrust is the point x,y in which M is a

maximum or minimum according as the
load covers the half-bow containing x or

not.

If we now suppose for every point in

the girder the positions of the rolling

load, corresponding to the maximum and
minimum of M, constructed in the above
way, we shall have a series of loads at rest

on which the rules for the latter can be
applied.

Thus the maximum or minimum value

of M themselves must be zero in £k=o;

x= = and x: l. They will increase or

decrease, with increasing x, as long as

Eq. (9):

dm^—=$x is positive or negative.

_. /I tang-

. ux \=-G^\i +~irL
)
+

+GUl-#
tang. fAA

+ <*#-*

changes its sign, when

1 tang. /jx _

%f

4-

+

tang. /<„

2/

or in the point x,y corresponding to

tang. [ax =Z =tang. /// .... (14)

2

The point x,y, in which the maximum
and minimum of the moments become an
absolute maximum and minimum, is

thus the point of contact of a tangent to

the line of thrust parallel toith the chord
AC or B C.

In applying at that point the construc-

tion for maximum and minimum of M, it

is easy to find the positions of the rolling

load corresponding to the absolute maxi-
mum and minimum values of M in the

girder.

This position is also independent of the

mode of loading and only depends upon
the form of the line of thrust. This fact

can be verified in another way :—The
absolute maximum and minimum being

x
independent of GjG

2
G

3
, tang. jjx =1

2

must be a root of the equation S= o, what-
ever be GjG

2
G

3
. This is indeed the case,

as it is easy to ascertain from equation (10)

=-f . Q-,(*-a,) + <»,(*-?,)-<*,?
,

2
G^ + G.

2
<7 2
+ G

3
(Z-<7

3)

—tang. }xx

Fig. 6 shows the graphical construction

of the point corresponding to the abso-

lute maximal and minimal values of M.

S= Shearixg Forces.

In equation (9) —x,y being constant.

—

/l tang. ux \

+ <M.i-,.(J-+^)h
the coefficient of the jirst number is al-

ways positive.
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The coefficient of the third member, or

/l tang. /./,. \ 1 -

is positive or negative according as

J
tang. }ix y^l

2

Hence if

f
tang. jjx >l_

2

or for points between x=o and the point

corresponding to the absolute maximum
of M, that is

o<Cx<.x corresponding abs. max. M.

The first and third member of equation

(9) is negative, and if

tang. jjx < I
2

or for points between the point corre-

sponding to the absolute maximum of M
and the crown joint, that is

x corresponding abs. max. M<£< ^

the first member is negative and the third

positive.

The second member changes its sign

when

9,=
2f+ I tang, /ua

(15)

5 can be graphically constructed. It is

the abscissa of the intersection of the

Fie- r

chord BC and a line from A parallel with

the tangent in point x,y.

The demonstration follows directly

from the figure.

A more convenient form of s for use is

the following :— (see Fig. 7.)

tang. //, -fM
8=1.

tang. /.if

(16V

(17)
tang. }.tx + tang. }.<f

s represents for reasons shown already by
the moments, the limit of G,, or that part

of the x axis, which must be covered with
moving load to make S a maximum or a
minimum.

Values of gn less than s makes the sec-

ond member of equation (9) positive, val-

ues greater than s negative. Hence, when

y
I tang. ftx > / or,

2

o<^'<£ corresponding abs. max. M.

the first and third member of equation ^9)

being negative

:

S is a maximum, when the parts of the

girder corresponding to G, and G
3
are

empty, or when the girder is covered with
load from x=x to x=s, and

S is a minimum, when the girder is

covered with loads from x— o to x=x and
at the same time from x=s to x=l.

f
II tang. fkx < I or,

2

x corresponding abs. max. x<Cx<

f
For tang. /jx _^ I, s becomes =^ and

-2 A

the second member of equation (9) is

positive, leaving only the first member
negative ; thus :

—

S is a minimum, when the parts of the
girder corresponding to G„ and G

3
are

j

covered with load, or when the girder is

covered from x=x to x=l, with rolling

load.

S is a minimum, when the girder is

loaded from x=o to x=x.
Fig. 7 shows the graphical construction

! of the positions of the loads for S max.
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1
and S min., when tang. jjx >1 and Fig.

2

8, the same when tang. jjx <l
2

Generally the loads will be concentrat-

ed in certain points of the girder—the

panel points—and in constructing the
positions of the loads corresponding to

the maximum and minimum of M and S
the beginning and end of in and s will

fall either between two panel points or

coincide with a panel point itself, and the

question arises, how far the loads must in

each case cover the girder to produce
the maximum or minimum values.

If the end of m or s falls between two
panel points, the answer presents no dif-

ficulty, i and (i + 1) be the two points,

then evidently m or s will be covered
completely with moving load, if the gird-

er is covered from m= o or s= o to the

point i (inclusive) and (l—m) or (l—s)

will be completely loaded, when the gird-

er is covered from (^ + 1) including this

point to I and it will be easy in each case

to find the positions of the moving loads

corresponding to a maximum or minimum.

Not so, if the beginning or end of m
or s coincides with a panel point itself.

It is then impossible a priori to decide

whether the point must be covered with
load or not to produce M or S maximum
or minimum, but a decision can be
reached in the following way

:

I begin with s the value governing the

maximum and minimum of S the shearing

forces, and we must bear well in mind,
that S is not acting in a point, but as well

as tang. jx% in the whole panel.

The Beginning or S Coincides with
a Panel Point.

Fig. 9 represents the positions of the
rolling load with regard to the panel x.

P=be the sum of all the moving loads
acting upon the girder.

a —coefficient expressing the ratio of P
toQr

Z>=:that part of P forming with Q :
^.the

thrust H.

a,ft,y, A panel lengths.

^'^"loads in different panel points.

Note. P, a, b are of different value for

each position of the loads, but as no mis-
take is possible, no especial letters have
been used.

The other letters have the previous
significations.

Fig. 9 a=The loads cover the girder
from the point (x—a) to any point to-

wards B and again from the point x to

the same point towards B. It is :

(x-a) (x)

Q^-^aP.

H"=Q,^-b

AND

S~
a

=Y-Q,*~
a
-p-p-

X

— Q,
r_a

(T7tan §"- M* )""* tau
S'- -

u* =

=P-JQ«-*(l + ^tang. „,) +

+ b tang.:;,- +p+pv

8 =P-Q
1 -P-1\

X

l_

\r

=P-JQ,'(l + |:,tang. t .) +

+ b tang. ;-.r +/>+/'.,-
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Fig. 9

HENCE :

S
x~ a

<S* when
X X

Qx-a > Qx or

X— a
>0

I

Fig. 9 &=The loads cover the girder

from the point x and again from (x+ A ).

It is:

8
X < $

X + A when:
X X

q
x>Q x+A or

x

Fig. 9 c—The loads cover the girder
from the point (x + a ) and again from
(x + y). It is:

S
x + A < S^'when:

tang. )AX > (c^X- 1)- (18)

tang. j.ix _£
I— (a'-t- A) > £_

(x+ A) 2~
(19)

Recapitulating we find, that ahvays

S. < S^< s
a; + a a; +7

(20)

The first two conditions result directly

from the above equations. The last one

:

s
^+a > 8

x+ r

is demonstrated as follows

:

Equation 18 shows that tang. pix must

/
be >7 to have S

x+ A <S^ + ^. This

2

is the case only in panels between x=o
and the x corresponding to the abs. max-
imum or minimum of - the moments.
Hence it is only necessary to take panels

in consideration from x=o to a;=:abs.

maximum or minimum of M. But it is

evident, that in this part of the line of

thrust, tang. }jlx is a max. when x is as

small as possible. Thus considering the

first panel of the girder we shall have
tang. jix =max. The value of tang. fx^
in the first panel is

:

taTig ^=xh



MAXIMUM STRAINS IN JOINTED BOW GIEDERS. 327

Using this value in equation 19, we find

V "4-

l-Xx+A)
^

but as y is always </ and [I— (x +. A )]>
- the above inequality can never be ful-

filled and we find equation (20). The
equation (20) shows that for S^ max. in

panel x, the loads always begin in
(x+ /l), while for S nun. in panel x, the
loads always cover the point x.

II.

The End of S Coincides with a

Panel Point.

Fig. 10 represents the positions of the
loads with regard to the panel x and the
crown joint, in the vicinity of which the
end of s falls always.

Fig. 10a ==The girder is covered from

(x+ a ) to u, and again to = with moving

loads. It is

Q,
M =aP

TT ^ l /2ll-l\

Q i
2=aP-~p

Q2=F-p-Q
i

l

¥

and

-?(^-W/'.)|

g
2 =P-|Q^(l+^tang.^) +̂ i

hence,

S
u < S ^ when

tang. /^>£ .

2

(21)

Fig. 10 Z>= The loads cover the girder
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from (x+ a) to = and again to r. It is

g 2 < S^ when
X

JL
tang. jux >l (22)

Fig. 10 c= The loads cover the girder

from (cc+ A ) to r and again to t. It is—

r t

S < S when
X X

tang. fix >l(— 1) (23)

If tang. j.ix is exactly I, equations (21)

2

and (22) give

—

i_ i_

s
l = s

l~ 1= . .= s
2 = s

r=(2_A
)

or S maximum is reached in the panel

jL
corresponding to tang. /ux =1^ by loading

2

the girder from (x + A) to aw?/ point be-

ll
tween r

tang. jiA |(H

=M and Z. But, though

the maximum of S is reached by any one
of the above positions, the strains induced
in the members of the girder are not the
same for each of the mentioned positions,
as will be shown when we shall consider
the strains in the members, and with re-
gard to the maximum of the strains in
the members of the girder, S is a maxi-
mum, when the girder is loaded from

(x+ A ) to r or to (
1)
— a

)

Equation (23) shows further that, if

tang. jux is exactly 1

1

l\

S' = S
(r-A)=t

or that the girder may as well be loaded,
say, to r as to {r-A) to obtain S maxi-
mum in the panel corresponding to

Accordingly, S minimum would begin
either with r or with (r + A). But only

the last position of the loads will produce
S minimum. Hence, though S maximum
may be reached, in the above special case,

in the mentioned two ways, S is a maxi-

mum, with regard to the minimum, when
the girder is covered to r, and not to

(r— A) with load.

Recapitulating, and assuming S to be a

maximum, we find that the end of s never

extends beyond l-— A\. But s can be-

come less than l^—Ay according to the

form of the line of thrust. The end of s

will extend only to the following points,

or the rolling loads will cover the girder

only to the point

—

J/l X
t (inclusive) when tang. jjx >ll—-1)

2 '

'

-til
y (inclusive) when tang. y.x >l\— l)

and so-forth.

If the panels are of equal length and
2??. is their number—the loads may be
different in each one—then the loads
cover the girder to the point, including
this point:

—

f

(2
- 2jwhen : tang. fxx >[(^) • (24)

2

J.
>l
2

f
(-_3)whentang. Mx ~(~) .(25)

and so-forth.

For S minimum, (l—s) always begins
with the point following the end of s.

The equations (21) to (25) are simply
applications of the general equation (16).

The shearing forces in the first panel
and the panel containing the crown joints,
are :

—

Si = —— and
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M
: (MY= +

and their maximum and minimum de-

pends upon the positions of the loads
corresponding to Mi and M

(M
maximum and minimum.

We now turn to m, the length of the x
axis governing the maximum and mini-

mum of the moments.
We shall consider m corresponding to

M maximum.

The beginning of m always lies in

x=o and nothing special is to be remem-
bered.

The End of m Coincides with a

Panel Point.

Equation (13):-

m —I.
tang, fx f

tang, y + tang. juf

is exactly the same as equation 17.

tang, /.if
:l

tang. fA.x -ftang. juf

when we substitute tang, y for tang, ju x

and the deductions from equation (17),

will also hold good for equation (13).

Hence, if the end of m coincides with a
panel point, say r, it will Dot alter the ab-

solute value of M maximum, when the
girder is covered either to r or to (r— A),
but, as by s, with regard to the minimum,
M is a maximum, when the girder is load-

ed to r and not to (r—A). Concerning
the absolute maximum or minimum of M,
it is necessary to bear in mind, that the
criterion is bound to tang. juXt and that

tang. fXx means not a point, but a whole
panel.

In case of M minimum, (l—m) always
begins with the next point following the

end of m.
Before I now proceed to show by an

example how plain the application of these

rules is in reality, I will recapitulate them
in few words.

Moments.

Draw in any point x,y, Ay and BC

—

see Fig. 5.—The intersection of these

lines lies in the panel point m or between
Vol. XXXI.—No. 4—23

m and rn + A, and it will be in the point

x,y.

M a maximum, when from o to inclus-

ive point m.

M a minimum, when from inclusive

point {in + A) to I the girder is covered
with loads.

Draw a tangent to the line of thrust

parallel with the chord AC or BC. The
point of contact gives the point of abs.

maximum or minimum of M—see Fig. 6.

Shearing Forces.
/

I. Panels in which tang. /^ > I, or

2

o<cc<£
2
corresponding abs. max. M

Draw BC and from A a line parallel

with tang, x, y—see Fig. 7.—The inter-

section of both lines lies in the panel

point s or between s and (s + A) and it

will be in the panel x.

S a maximum, when from inclusive

point {x + A) to inclusive point s.

S a minimum, when from o to inclu-

sive point x and at the same time from
inclusive point (s + ^)to I the girder is

covered with loads.

L
II. Panels, in which tang. jux <l or

2

x correspond, abs. maximum M<&<-
A

Note.—The tang. jlix must be smaller

L
than I —see Fig. 8.

—

2

In the panel x, it will be:

S a maximum, When from inclusive

point {x + A) to I.

S a minimum, when from o to inclusive

point x the girder is covered with loads.

Si and S , have their maxima and min-

2

ima with MT and M , A
max. or niiu.

If calculation is preferred, calculate

:

1. tang. fJLx in the panels I to
-*

a

The nearest value of tang. ux to I
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gives the panel of the absolute max. or

min. of M.
2. Calculate m frora equation 13 for

each panel point and proceed as shown
previously.

3. Calculate s from equation 17 and
proceed as shown above.

1 use both methods together, generally

employing the graphical method and the

calculation only, where the end of m or

s falls so near a panel point, that a shai-p-

er definition is wanted.
It is hardly necessary to say, that to

the effects of the rolling loads must be
added the effect of any load at rest.

Example.

Figure 11 represents the line of

thrust of a girder of 150' span. It

has 10 panels of 15' length, f is 30'.

The line of thrust is a common parabola.

The own weight is assumed to 18,000 lbs.

per panel, the rolling load to 45,000 lbs.

per panel.

QQ,H.

It is only necessary to calculate the

reactions of the own weight and for the

moving load^s, the values corresponding
to the successive positions from x=o to

2-=- and for full loaded girder. All

other values are found by addition or

subtraction as shown, by M minima.

Own weight=QB =Q B =81000 lbs.

Own weieht=HE =112500 lbs.

Only Moving Loads.-Q 1

nQnHn
.

Loaded from N N X X X
point o to Qi- A r A n- Q+Qi- Q; H.
point

—

to 1

to 2

to 3

to 4

4500=
13500=
27000=
45000=

_ i
"10
- s
"10
- 6
"10
-1

9000
13500
18000
22500

4500
4500
4500

45000
90000

135000
180000

40500
76500

108000
135000

11250
33750 •

67500
112500

ii

w

IO

II

to 5 67500=-15 225000 157500 16875 s —

i

Full load=Q* =Q » =202500 lbs.

Full load=HN= 281250 lbs.

In these and the following calculations

much time and labor can be saved, in

using instead of the panel length, the
ratio of this length to the span—here ^.

It is then Q 1

-3X
1Q

,

(0-1)

-

=lX^,Q
l

(°- 2)=(l + 2)

and the calculation of

Q t
for the different positions of the

moving loads is reduced to a multiplica-

tion -of Q/0_1) with the sum of the
panel indices of the loaded panels, as

shown above, or

1.2.3.4.5..
1 3 6 10 15

panel indices

coefficients

The correctness of the calculation can
moreover be easily verified, the values of

Q, forming a higher arithmetical seria,

which is shown above.

For calculation of H use equation 3,

for instance

:

Full loaded HN=
202500x5-45000x10= 281250 lbs.

Moments.

Use equation 5 for calculation—
—See Fig. 116—

Draw BC and ky in each panel point.

Maxima—

for Mj and M
2
loaded from o to point 3

Q=189,000 lbs. H=180,000 lbs.

for M
3
and M

4
loaded from o to point 4

Q=216,000 lbs. H=225,000 lbs.

M1= + 89100 1 lbs.

M
2
= + (189,000X15) x2-63,000x 15-

-180,000 x 19'2= + 1,269,000 f. lbs.

M
3
= + 1,215,000 f. lbs.

M
4
= +810,000 f. lbs.
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Minima.

for Mj and M„ loaded from 4 to 10.

lbs. lbs.

qnco-io)= 202,500 HN(°- 10)= 281,250
qn(o-3) =108,000 HN(o-3) = 67,500

qn(4-io)= 94;500

QE = 81,000

HN(4-iO)= 213,750

HE =112,500

q(4-io) =175,000 H(4-io) = 326,250

for M
3
and M

4
loaded from 5 to 10,

Q=148,500 lbs. H=281,250 lbs.

M, = - 891,000 f. lbs.

M
2

----- 1,269,000 f. lbs.

M
3
= - 1,215,000 f. lbs.

M
4
=- 810,000 f. lbs.

Shearing Forces.

— (see Pig. lie.)—
Use equation 8 for calcidation—
Draw BC and the lines parallel to the

corresponding tangent in each panel.

Maxima.

=ML
max.

bg _

A

tig loaded 2-4 . H= 213,750

Q= 175,500 H tang. yu =213,750x0.56
p= 18,00) 119,700 lbs.

157,500=V„

119,700=H tang. //„

+ 37,800 lbs.

&9.1

+ 27,000 lbs.

loaded 4—10
+ 43,200 lbs.

loaded 5— 10

+ 54,000 lbs. A

Si =

Minimum.

= -59,400 lbs.
M,

A
Su loaded 0-1 & 5-10= -37,800 lbs.

S«i loaded 0-2 & 5 -10= -27,000 lbs.

Sit, loaded 0-3= -43,200 lbs.

Bv loaded 0- -4=^= -54,000 lbs.

"With the knowledge of the external

forces, the calculation of the strains in

members of the girder is subject to no
difficulty, as I will show later.

CO-OPERATION BETWEEN NATIONAL AND STATE GOVERN
MENTS IN TOPOGRAPHICAL SURVEYS.

Bt h. f. walling.

Bead before the American Society of Civil Engineers at the Buffalo Meeting.

While it is known by civil engineers
and other well-informed persons that

good topographical surveys are among
the necessities of nations for the econom-
ical construction of public works and for

other useful purposes, this knowledge
does not appear to be shared by the peo-

ple in general, or by their legislators.

Our widely extended and comparatively
new country, now fairly entered upon its

second century of national existence,

although in many respects quite as ad-

vanced as the older European nations,

has, much to its disadvantage, allowed
itself to be outstripped by them in this

matter.

Among the primary uses to which
topographical surveys are put is their

guidance in the location of railways and
other avenues of internal communication.
the abundance and efficiency of which
afford to the political economist the most
reliable measures of the comparative
prosperity of different countries or por-

tions of the same country. The relation

between this prosperity and the construc-

tion of railways and other public works
becomes one of recurring action and re-

action, and the effects are accumulative.

The public works cause an increase of

prosperity which in turn calls for more
public works, and so on almost indefin-

itely. With good topographical maps
the best location for a road or railway is

readily determined by a careful inspection

of the map, and much of the uncertainty
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as well as the expense of preliminary

surveys is avoided.

In Great Britain, for example, when a

new railway is proposed, the best route is

first sought by a careful examination of

the " Ordnance Maps," upon which ex-

haustive comparisons of all possible

routes can be made as to grades, curves,

excavations, embankments, etc., and from

the data thus obtained the preferable

location can be chosen. The " Parlia-

mentary map " has this selected line laid

down upon sheets of the ordnance map,

where it can be intelligently considered

by a parliamentary committee before le-

gal authority is granted for building the

road.

This preliminary map does not usually

differ essentially from the more exact

map of final location, and the cost of

building the road, after so careful a selec-

tion of the route, is likely to be as small

as possible. Most of the railways of our

own country, unfortunately, were con-

structed without such a valuable prelimi-

nary guide and the result has been marked
by great waste. It has been estimated

by a railway engineer, a friend of the

writer, that had the State of Massachu-
setts been in possession of a good topo-

graphical map in 1836, some $20,000,000

would probably have been saved in its pub-
lic railway expenditures. While it is too

late, as he says, to recall the $20,000,000 of

unremunerative investments, it is not too

late by means of a good survey, to guide
private and corporate capital in the

economical development hereafter of the

various public works which will be de-

manded by the growing commonwealth.

If a cause be sought for the failure in

this country to carry out a measure of

obviously wise economy, in which every
country in Europe has led the way, with
the approbation of all their intelligent

citizens, it is to be found, partially at

least, in the peculiarities of our form of

government, limited to matters of national

safety, commerce with foreign nations,

management of public property and cer-

tain inter state relations which are regu-
lated under the appropriate departments
of the government.

A strong sentiment has prevailed from
the outset against any extension of the
general government, and up to the pres-

ent time no direct national legislation has

authorized a topographical survey of the
country.

In the meantime State legislatures have
been slow to see the need of costly sur-

veys and they have been undertaken in

but a very few of the States. In some of
these, creditable work has been com-
menced, but in none has it been brought
to completion. The State of Massachu-
setts took the lead in 1829-30 when re-

solves were passed by the General Court
requiring each town in the commonwealth
to forward to the Secretary's office an ac-

curate map of its territory on a scale of

100 rods to an inch (nearly 1:20,000). In
accordance with subsequent legisla-

tion a trigonometrical survey of great
excellence was completed in 1838
and the town surveys, after a much
needed revision and correction were
fitted into the framework of the triangu-

lation. The result was a very good map
of the State, the best of its kind indeed
that has been made of any of the United
States up to the present time. It was
drawn upon the scale of two-fifths of an
inch to a mile (1:158,400) and engraved
on copper. The geographical positions

of the sea coast, rivers, streams, lakes,

roads, railways, town boundaries, villages,

etc., were given with commendable accu-
racy. The smallness of the scale, however,
while permitting the use of the map in

one connected sheet, which may conveni-
ently hang on the wall, greatly limits the
other uses to which it may be put.

Moreover, the map lacks an important
feature, needed to bring it up to the
standard of the best of the more modern
European maps, arid to make it available

for engineering requirements, namely, the
accurate expression of the vertical rela-

tions between the objects represented, in

other words their heights above a stand-

ard level. Borden's survey determined
the heights of most of his primary sta-

tions above the level of the sea, and these

heights are marked upon the map. But
the only other indication of difference of

level is by an imperfect sj^stem of hach-
ures, which, while attempting to indicate

the direction and steepness of slopes,

fails to show the differences of level,

quantitatively or even qualitatively, ex-

cept between adjacent areas. The inade-

quacy of the most perfect system of

bachures to intelligently represent quan-
titative hypsometric relations maybe seen
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by consulting the best maps constructed

in that manner. Among these are some
of the official maps, already mentioned,
of European countries, which are ex-

ceedingly beautiful as pictures, or sam-
ples of fine engraving, but fail entirely to

convey definite hypsometric information.

Practical good sense however seems like-

ly to prevail over that conservative ten-

acity which opposes even the most obvi-

ous reforms and the elaborate hachure
systems of Lehman and others are falling

into disuse, especially upon maps of large

scale and corresponding minuteness of

detail.

Lines of equal surface elevation or

"contour lines,''' as they are called, if ac-

curately drawn, are much more effective

in showing, not only the great general
features, but the minute details of height
inequalities, and if delicately indicative

lights and shadows accompany the con-

tour lines, the general relief of the coun-

try may be made to appear at a glance,

while the absolute heights can everywhere
be ascertained by easy inspection. The
intervals of level between these contour
lines must be determined in relation to

the scale of the map and the amount of

elaboration intended.

Although no complete surveys of the
scope indicated above have been made by
State authorities, . . . (The United
States Geological Survey has completed
a topographical and geological map of

the State of Colorado upon a scale of

one-fourth of an inch to a mile with one
hundred feet contours) some of the
preliminary steps have been taken along
the coast regions of the country. The
United States Coast and Geodetic Sur-
vey, which for many years has been car-

ried on by men of unsurpassed attain-

ments in their special departments of

science, has laid the geodetic foundation
for a topographical map of the country,
so far as the work has been completed,
along the two great oceans, the Gulf of

Mexico, the lower Mississippi, the Hud-
son River and Lake Champlain, by a tri-

angulation unsurpassed throughout the
world for precision. Moreover, the pre-

cedent has been established by Congress,
and is not likely to be departed from, of

making special appropriations for extend-
ing this geodetic triangulation into States
where the legislature will provide for

geological and topographical surveys.

Up to the present time, however, but lit-

tle alacrity has been displayed on the
part of individual States in availing them-
selves of this proposed co-operation.

Special triangulations have only been
made in New Hampshire, New Jersey,

Pennsylvania, Kentucky, Tennessee and
Wisconsin, by the Coast and Geodetic
Survey.

In addition to the work of triangula-

tion, an elaborate topographical survey
of a narrow strip of land along and ad-
joining portions of the Atlantic coast has
been made under the Coast Survey. The
plane table method was employed, the
field sheets being generally upon the
scale of 1:10,000 or nearly that of the
later maps of the British Ordnance Siu1-

vey, namely, six inches to a mile. Upon
these sheets contour lines are marked
with vertical intervals, usually of twenty
feet. The details of topography are

otherwise shown with great minuteness.

A series of sheets of this kind for the
whole country would be of incalculable

value for engineering and other purposes.

They would, however, still lack an im-

portant feature which gives great value

to the Ordnance and some other European
maps, namely, the delineation of prop-
erty lines. '1 he Coast Survey maps show
fences and other lines of enclosure, but
without regard to ownership. As all land
surveyors know, the determination of the

lines of actual ownership is a work in-

volving peculiar difficulties, arising mainly
from the imperfection and conflicting

nature of the various kinds of evidence

depended upon.
In Great Britain the Ordnance Survey-

ors are required to serve regular formal
notices upon the land owners or their

legal representatives, who are notified to

be present at the time of the survey for

the purpose of pointing out their lines

and presenting the confirmatory evidence
in their possession. By this means an
official character is given to these bound-
ary surveys which has the general subse-

quent effect of preventing much disas-

trous litigation which might otherwise
arise. The addition of property lines,

with adequate descriptions, constituting

what are called '•cadastral maps," not
only serves to strengthen and perfect

titles, but renders the maps useful for

the equitable assessment of taxes, the

adjustment of betterments for public
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improvements, etc. The use of cadastral

maps has already extended to Canada
and to some of the larger American cities

and towns.

Since, with its present organization

and yearly appropriations, it would re-

quire many centuries to complete a survey

of the entire country, in the style of the

narrow strip above mentioned, even with-

out the cadastral element, the work of

the Coast and Geodetic Survey is at

present limited to the completion of its

series of admirable coast charts and the

valuable scientific investigations connect-

ed therewith, and to the extension of the

geodetic work across the continent from
ocean to ocean. This grand triangulation,

when completed, will afford an admirable

basis for topographical maps made by
such special organizations as the various

needs of different sections may indicate.

The position of the Atlantic States

gives them the advantage of the primary
triangulation of the Coast Survey which
already extends across the New England
States to the Hudson River and Lake
Champlain, and along the Blue Ridge
and adjacent mountains of the Appala-
chian chain in Maryland, Virginia, West
Virginia, North Carolina, South Carolina,

Georgia and Alabama. In addition to

this general primary or geodetic triangu-

lation the Coast Survey organization is

well adapted to supply the secondary tri-

angulation by which the geographical
positions of many convenient points

intermediate between the primary sta-

tions would be given for the convenience
of the surveyors who would follow and
workup the minute details of topography.
Government co-operation to this extent
with State surveys, topographical and
geological, has already been established

in the States of New Hampshire, Pennsyl-
vania, and New Jersey, and will doubtless
be called for in all tbe States successive-

ly as the advantages of topographical
surveys become apparent to them.
In the meantime another government

organization has undertaken the prepara-
tion of topographical maps and is pre-

pared to co-operate with States in

this work. The United States Geo-
logical Survey, originally organized to

investigate tbe geological relations and
resources of the national domain in the
western territories, has been authorized
to extend its researches over the entire

country. The desirability of this is ap-

parent when we consider that geological

formations are independent of civil

boundaries, and that their relations can
be best ascertained by tracing them from
State to State over the widest accessible

areas.

The absence of good topographical
maps presents at the outset a formidable
difficulty in the way of geological investi-

gation. Geology and topography are inti-

mately related and, to a considerable

extent, dependent upon each other. The
officers of the Geological Survey are ac-

cordingly compelled to supply the de-

ficiency by constructing maps for them-
selves as the work goes on. For this pur-

pose a " Division of Geography " has been
organized, with an accomplished and ex-

perienced chief, under whose direction

skilled topographers are assigned to the

sections where immediate geological work
is intended.

The immediate benefits which will

accrue from this undertaking even while

in progress are so apparent that, having
been fairly inaugurated, it is not likely to

be abandoned in a progressive country
like ours.

Its magnitude, however, assumes al-

most overwhelming proportions and the

conditions under which it must be exer-

cised are such as to call into exercise,

judgment, skill and executive ability of a

very high order. While the results must
be reliable and accurate, rapidity of exe-

cution and economy in expenditure are

also indispensable.

The first consideration which presents

itself is that different parts of the coun-

try will need to be surveyed with differ-

ent degrees of elaboration on account of

the great variations in existing conditions.

The older and more fertile portions of

the country are already occupied by a

dense population, much of which is con-

centrated in and about numerous large

cities, towns and villages. An intricate

network of roads and railways affords

easy inter-communication between all

parts of this inhabited region. On the

other hand a large part of the country
remains in the aboriginal condition of

nearly unbroken solitude. Portions of

this unsettled country are more or less

susceptible of cultivation, or possess min-
eral or other industrial resources. These
portions will eventually partake of the
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general increase in the population of the

country and its accompanying develop-

ment of cities, towns, roads and railways.

But there will always remain vast regions

made up of wild mountain peaks, ridges,

with steep rock-bestrewn slopes, precipi-

tous cliffs, deep gorges, broad stretches

of bare rock cut by impassable canons
and great tracts of arid and uninhabitable

territory.

A high degree of precision in the ren-

dering of minute details cannot be obtained
in these wildernesses, except at a cost of

labor greatly disproportionate to the uses

which can be made of the maps. If the

more general topographical features, only,

are accurately shown, all useful purposes
will be subserved, and the scale may be
much smaller than when the details are

elaborated with greater precision.

The scale adopted for maps which have
been made under the U. S. Geological

Survey, is one-fourth of an inch to a mile,

and this will doubtless prove adequate
for the record of such geological charac-

teristics as can be ascertained for many
years. In some of the mining districts,

however, where the presence of rich

metallic veins has caused a rapid settle-

ment of the locality by eager searchers

for wealth, the details of geological infor-

mation developed by the miners are found
to require special maps on a large scale

for their proper display.

The question whether there shall be
co-operation between State authorities

and the U. S. Geological Survey in the
construction of topographical maps has
an important bearing in determining the

scales which may be adopted by the Geo-
logical Survey, for the maps of those sec-

tions of the country included under State

jurisdictions. Such a co-operation, for

example has been proposed for the State

of Massachusetts and is now under con-
sideration by its legislature. The Geo-
logical Survey needs as a basis for its

representation of the geological forma-
tions, a map upon which the outcrops
and other indications may be accurately

located by the geologist, both in their

horizontal and vertical relations. The
more numerous the recognizable points
of reference, and the narrower the spaces
between them, the greater will be the
degree of precision with which he will be
able to record his researches, and the
more valuable will the record become.

But the limited sum appropriated by
Congress for the Geological Survey must
be divided between the geological and
the topographical work, which are to go
on nearly simultaneously, the topograph-
ers keeping a little in advance of the
geologists. The work of the "Division
of Geography,'' though preceding it in

the order of time, is subsidiary to the
regular geological work of the survey,

and is likely to receive a smaller share of

the entire appropriation.

In the absence of co-operation by any
State with the United States Geological
Survey, in preparing the topographical
map of that State, this limitation of means
will, of course, appear in the final result.

In Massachusetts the scale of the ex-

isting State map is, as stated above, two-
fifths of an inch to a mile. The IT. S.

Geological Survey has already done some
preliminary work there, with a view of

constructing a map with contour hues,

on a scale of half an inch to a mile. It is

evident, however, that this scale, about
one-half that of the first British Ordnance
Survey, would, like that, prove inadequate
to serve the engineering and other pur-
poses for which maps are needed by
States and municipalities. In 1824 while
the work of the Ordnance Survey was in

progress in England, it was found neces-

sary by the government to make a gen-
eral property valuation of all Ireland.

For this purpose the survey of that island

was made on the scale of six inches to a
mile, or 1:10,560 and the boundaries of

farms, etc., were all carefully surveyed
and delineated in addition to the other
details of topography. When the survey
of Ireland was finished in 1840 the maps
were found so useful for other uses that

the same scale was adopted for a re-sur-

vey of the kingdom, and, though the
work was from time to time obstructed
by the lack of adequate parliamentary
appropriations, its real value has been so

apparent that it has not been discontin-

ued, and it must now be near completion.

The difference between the scale of the

present official map of Massachusetts,
two-fifths of an inch to a mile, and that

of the larger Ordnance maps of Great
Britain, six inches to a mile is, in linear

dimensions, as one to fifteen : in area, as

1 to 225. That is, it would take 225
times as many sheets of the same size to

show the whole of Massachusetts, upon
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the scale of the Ordnance map, as upon
Borden's map. The cost of adopting the

Ordnance scale is evidently too great to

be undertaken at present, and for the

general map of the State, a publication

scale of 1:50,000, or about one and a

quarter inches to a mile is probably as

large as would be required for most of

the purposes for which it would be used,

including preliminary investigations for

railway locations, for water supply of

cities, etc. This scale has been recom-
mended by international scientific con-

ventions in Europe as the most practical

and convenient for general uses. A
convenient size for single sheets would
cover ten minutes of latitude and twenty
minutes of longitude, making the size of

the sheet, exclusive of margin, about
fourteen and a half by twenty-one and a

half inches. About sixty-five sheets of

this size would be required to cover the
whole State including a number of frac-

tional sheets along the sea coast.

The expense of preparing maps on a
sufficient scale to serve for cadastral and
other municipal purposes should, under
our system of independent municipal
sovereignties, be borne by each munici-
pality whenever its want becomes felt.

A number of cities and towns in this and
some of the adjacent States have already
provided themselves with such maps, and
it is probable that others might have
them provided in connection with the

proposed survey, by defraying the addi-

tional expense of increasing the scale,

giving property lines, areas of lots, etc.

The cost of the general survey of the

State, of which the above general outline

has been given has been estimated by the
Geological Survey at about 880.000 to be
distributed over four years. Of this ex-

pense the Geological Survey proposes to

defray one-half. It is not easy to ascer-

tain in advance the exact cost, which will

depend upon the minuteness of the de-

tails and the degree of precision with
which they are represented.

Some of these details, for example,
consist of the outlines of woodland, of

pastures, the minute meanderings of

streams, fences, stone-walls, buildings,

etc.

Another element of variation in expense
is the differences of level between adja-

cent contour lines. For the scale of

1:50,000 proposed, twenty-five feet might

be adopted for the intervals between con-
tours over the more level portions of the
State, and fifty feet for those among the
mountainous regions.

For comparison of the work proposed
with the surveys of Europe, the following
concise account of some of them has been
taken from an interesting paper in the
Nortli America?! Hevieio for July, 1875,
on " Geographical Surveys," by Professor
J. D. "Whitney, who has given careful at-

tention to this subject

:

''Let us begin with Great Britain,

which, including Ireland, has an area of

nearly 111,000 square miles, and where
the topographical survey has been going
on since about 1784. The scientific work
is partly performed by officers of the
Boyal Engineer Corps (382 military, in-

cluding officers, and 1,446 civil assistants

were on the Ordnance Smwey staff in the

year 1872), and it is officially known as

the " Ordnance Survey." Its total cost

from 1791 to the end of 1864, including

the military pay of the men employed,
was £2,991,624, and may be estimated
up to the present time about £4,200,000.

The scales adopted are numerous, and in

case of some cities are as large as five

and even ten feet to the mile. The prin-

cipal published maps, however, are on
two scales, one of six inches and the

other of one inch to the mile (1:10,560

and 1:63,360). Of England, the map on
the one-inch scale was begun in 1784 and
finished in 1869 ; but the projection em-
ployed in it was defective, and it is in

other respects not up to the present re-

quirements of the country, hence it is

now in process of working over and
re- publication. Of the area surveyed on
the six-inch scale, 24,877 square miles had
been completed in England and Wales, and
27,829 in Scotland, up to the end of 1873,

Ireland, on the same scale was entirely

finished in 1845, and all the sheets, 205
in number, published without, and about
half with, the hill-shading. Besides the
maps on the six-inch and the one-inch

scales, plans are furnished of any district

as called for on the scale of 1:2,500 (about

25 inches to the mile), made by photo-
zincography : but these are not necessar-

ily engraved or published. The map of

London is on a scale of 1:1,000, and is

comprised in 821 sheets. The various

publications of the Ordnance Survey are

sold in single sheets as wanted at very
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moderate prices ; but so great as to their

number, that the cost of a complete set,

as far as published amounts to over

£3,000. A great deal of work is prepared
for the use of the government on very

large scales, but it is chiefly the six-inch

and one-inch maps which are of import-

ance to the general public. At the

present rate of progress it will require

about ten years to complete the survey.

In Belgium the scale adopted is 1:20,-

000, the area of the country being about

10,000 square miles, 450 sheets will be
required, of which 137 were published
up to the end of 1873 ; the contour lines

are drawn at distances of one meter,

every fifth one being indicated by a

heavier line ; the sheets are lithographed
and printed in colors, the rivers and lakes

being in blue, the lettering and roads in

black, the meadows and forests in differ-

ent shades of green, the buildings in

brick-red, and the gardens in carmine.

In Prussia, since 1849, new and more
perfect methods have been introduced
into the topographical surveys ; the

plane-table sheets are now published on
a scale of 1:25,000, and with contour lines

with distances of five, twelve and a half

or twenty-five feet according to the na-

ture of the country. The publication of

the plane-table sheets was commenced in

1868, and in 1873 120 had been issued.

There has also been, since 1841, a general
map in process of publication, on a scale

of 1:100,000, which will be comprised in

some 400 sheets, of which nearly all are
issued. These are engraved on copper
and have the topography, or hill -shading

indicated according to Lehman's system
as modified by General Muffling.

In Baden, the new map was commenced
in 1874, on a scale of 1:25,000, and with
contour lines at ten meters distance.

The work is mainly a revision and correc-

tion of older surveys and is expected to

occupy six years at a cost of about 80,000
florins.

In Saxony, the original survey was
commenced in 1780, and completed in

1806 on a scale of 1:12,000, the area of

the kingdom being 5,600 square miles.

A topographical map was issued in the
years 1837-1860 in 22 sheets and on a
scale of 1:57,600. A new map was deter-

mined on in 1860, and it was completed
in ten years ; there are two editions of

this, one with the line-work only and the

other with the hill-shading.

Having now shown what is doing in

some of those European states which are,

comparatively speaking, rich, densely in-

habited, and with moderate areas of terri-

tory, let us turn to the consideration of

some countries which have only a thinly

scattered population and a large area.

Bussia, for instance, with its enormous
territory, just about twice the size of that

of the United States, Alaska included, has
been for many years actively engaged in

prosecuting geographical surveys. The
map of Bussia in Europe, embracing
about 2,100,000 square miles has been
under way since 1857, and will be em-
braced in about 700 sheets, of which 454
had been published in 1872. This is on
a scale of 1:126,000. The military map
of Poland is on the same scale and is em-
braced in 57 sheets, all of which are pub-
lished. Special maps of the Caucasus
have also been completed and, recently, a
map of Central Asia.

Norway has an area of 123,300 square
miles, and a population about that of

Massachusetts ; that is, our own State is

eighteen times more densely populated
than Norway. But this comparatively

poor country has set itself on having a

good topographical map on a scale of

1:100,000, and which will occupy over 200
sheets. Those which have already ap-

peared have been highly praised for their

execution by competent judges ; they are

printed in chromo-lithography, like those

of Belgium.
Sweden also, very similar to Norway in

respect to area and density of population,

has her topographical maps on the same
scale (l:10u,000) and the work is already

nearly half completed, the first sheet hav-

ing been published in 1860.

The following information in regard to

the surveys of other European states, in

addition to those enumerated by Profes-

sor Whitney, has been gathered from re-

liable sources. (See Geograph ical Jlaga-

zine, Vol. IV., p. 125 et. saj.)

Saxony, in addition to the maps before

mentioned, has undertaken a new survey
on a scale of 1:25,000 to be comprised in

156 sheets, the elevations to be shown by
contours, with crayon-shading to bring-

out the relief.

Bavaria, having in 1868 completed her

map in 112 sheets on the scale of 1:50,000.
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SCALES OF TOPOGRAPHICAL SURVEYS.

Explanation.—Each square is drawn with sides of one-half mile on the scale designated,

which is indicated both in the natural way by giving the proportion to nature without regard to

any standard of measurement, and by "Inches to a Mile."

U. S. Geological Survey.
(Maps of Western Territories.) a 5 344O ) or i Inch=l Mile.

Massachusetts.

(Borden's Map, 1884.)
tsstott' or I Inch=l Mile.

Hungary. hiW" or °-44 Inch=l Mile.

Russia. Jy^o, or J Inch=l Mile.

Prussia (General Map).
Norway.
Sweden.
Portugal.

tjtW or °- 636 Inch=l Mile.

France (General Map).
U. S. Coast Survey,

(Published Coast Charts.)
*uW. or 0.792 Inch=l Mile.

Austria

(General Map).
r^CT, or 0.8448 Inch=l Mile.

Great Britain

(First Ordnance Survey.)
^50, or 1 Inch=l Mile.

Netherlands.
Switzerland (Mountains).
Italy.
Bavaria.
wurtemburg.
Spain.
Proposed Survey of Mass. (Public'n Scale).

g^o, or 1.2672 Inch=l Mile.

Denmark. jjLj, or 1.584 Iuch=l Mile.
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Peqposed Survey of Mass. (Field Sheets.)

2.112 Inch.=1 Mile.

Prussia (Field Sheets)

Austria "

Bavaria •

'

Italian States.

Switzerland.

Saxony.

Baden .

2.5344 Inch.=1 Mile.

Belgium.

Italian States (Field Sheets).

France (Department of Seine).

i

or

3 168 Inch. = 1 Mile.

Inner Square.

To5iTTf' or 6 lnch.=l Mile.

Ordnance Survey of Great Britain.

Outer Square.

TffiTUTr or 6.336 Iuch.=l Mile.

U. S. Coast Survey. (Field Sheets.)
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has a new edition in progress. Also
publishes photo-lithographic copies of

the original plane-table sheets, scale

1:25,000.

Wurtemburg has also a map on the

scale of 1:50,000, of which a new edition

is in progress.

Austria commenced in 1874 a new map
comprising 715 sheets, scale 1:75,000,

each sheet including 15' of latitude and
30' of longitude. The drawings for this

map are transferred to copper and the

engraved plate is produced by etching.

151 sheets had been oublished up to

1878. The survey scale is 1:25,000. This
map must now be near completion. Hun-
gary covers 198 sheets on a scale of

1:144,000. The environs of Vienna are

shown in two maps on the scale of 1:12,-

500 and 1:25,000. Hills are shown by
contours having intervals of ten meters,

with crayon-shading, roads are printed in

red, forests tinted in delicate green, and
the outlines and lettering in black.

Switzerland has a fine large map beau-
tifully engraved in hachure, but is pre-

paring a new survey in 546 sheets, the

scale of the cultivated districts being

1:25,000, while the barren mountain re-

gions are shown on the scale of 1:50,000.

The Netherlands issues a new edition

of her map on the scale of 1:50,000.

Denmark has a survey in progress,

scale 1:40,000.

'the great map of France is on the

scale of 1:80,000 and is comprised in 267
sheets. Contour lines are printed in

brown, and water in blue. Some of the

departments are being published on the

scale of 1:20,000.

Italy is being mapped on the scale of

1:50,000. The field sheets are on the

scale of 1:25,000.

Spain, with a good general map by
Coelho, has been engaged since 1858 on
a new survey, scale 1:50,000. Each sheet

covers 10' of latitude and 20' of longi-

tude. The intervals between contours
are 10 and 20 meters. Rather slow prog-
ress is being made.

Portugal commenced a map in 1856 on
the scale of 1:100,000. Tbe earlier pub-
lished sheets showed the hills in hach-
ures, but of late the contour system with
intervals of 25 meters has been adopted.
The accompanying diagram is intended

to show the proportions of the different

scales which have been mentioned. Each

square is drawn to the scale designated r

with its sides half a mile in length.

A brief summary of the entire mode of

procedure to be used in constracting the
proposed topographical maps by the U.
S. Geological Survey in Massachusetts
will show the high degree of accuracy
that may be expected from it.

The first operation, which has already
been completed by the State Trigonomet-
rical Survey and by tbe United States

Coast and Geodetic Survey, was the
primary triangulation of the entire State
by which the positions of about one hun-
dred points in different parts of the State

were determined with the highest degree
of precision attainable by human instru-

ments and methods. This precision has
been tested by measuring two base lines,

hundreds of miles apart, and comparing
the length of one, obtained by computa-
tion from the other along a series of

intervening triangles, with its actual meas-
ured length. In this way the Coast and
Geodetic Survey proved that the amount
of possible error in their determinations
of the relative positions of the interven-

ing points, is limited to less than one
two-hundred-and-fifty-thousandth part of

the actual distances, or less than one foot

in fifty miles.

The next step in the work is the sec-

ondary triangulation by which numerous
points intermediate between the primary
stations are located to serve as reference

points for the subsequent survey of the
topography in detail. It is advantageous
to have as many as possible of these
reference points and they should be well

defined and conspicuous objects. Borden
fixed the positions of some 350 secondary
objects, consisting mostly of churches
and other public buildings. But the

forty years which have since elapsed have
brought many changes. Many of the
churches, etc., have been razed, burnt or

removed and other points of reference

have become obliterated.

The Coast and Geodetic Survey also

located many secondary and tertiary

points and made use of them in prepar-

ing the topographical sheets of tbe nar-

row strip along the coast, mentioned
above. This strip is, however, wider
than usual along parts of the Massachu-
setts coast. It includes the islands of

Martha's Vineyard and Nantucket and
nearly all of Cape Cod.
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The area over which the topography is

thus completed is about 800 square miles,

which for the proposed co-operation

scheme only needs revision for the pur-

pose of adding town and city boundaries,
new roads, railways, mill-ponds, etc., with
some changes in the outlines of the coast

near Cape Cod, caused by the inroads of

the ocean waves.
The remaining area of the State, about

7,000 square miles, will need to nave a

great many secondaiy stations fixed by
preliminary triaugulation to prepare for

the delineation of the topographical de-

tails. This secondary triaugulation does
not require the amount of refinement
which is requisite for the geodetic or

primary triaugulation, upon which de-

pends the precision of wort hundreds of

miles away, and the final determination
of the form and size of the earth. Hav-
ing the primary stations to work from,

the precision obtainable, even with the
ordinary instruments used by civil engi-

neers, is quite sufficient for cartographi-

cal purposes, since it exceeds the capabil-

ities of graphic delineation.

The plane table, an instrument which
enables the surveyor to construct his

map in the field by the graphic method,
has been used by the Coast Survey from
the commencement of its topographical

work, and all its topographers are trained

in its use. For cartographical purposes
it has many advantages, as it dispenses

with much of the work of ordinary sur-

veying, the measurements of distances

and angles, the keeping of field notes
and subsequent plotting of the notes by
protractor and scale. By this method
after the trigonometrical points have been
projected upon the field sheets, other
points are marked by intersections of

lines drawn by a ruler with an attached
telescope, called an alidade, which being-

placed over the point occupied is directed

toward any point to be located. When
another known point is occupied and a

second line drawn towards the desired

point, the plane table being in both cases

properly " oriented? that is, the direction

between any pair of points upon it being
made parallel to that of the correspond-
ing pair upon the ground, the intersec-

tion of the two lines gives the position of

the new point upon the map. Moreover,
when the plane table is placed over an
undetermined point from which three

determined points are visible, its position

can be ascertained and marked upon the
map by a graphic solution of the three-

point problem. In addition to these and
other graphic methods of solving trigo-

nometrical problems, the features of the
ground in the immediate vicinity of the
point occupied may be conveniently
represented by the aid of stadia or telem-

eter rods carried by assistants over the
ground from point to point. The distance

of the rod from the plane table is seen
by inspection in the telescope of the
alidade and corresponds to the number
of divisions, conspicuously painted upon
the telemeter, which are intercepted be-

tween two horizontal hair lines in the
telescope. Of course the direction to

the point where the rod is held is given
at once on the map by the ruler of the
alidade.

The more numerous the points instru-

mentally determined, the more accurate
should be the final result, as between
these points, the lines of contours,

streams, etc. must at last be sketched in

by the aid of the eye which requires care-

ful training for the proper estimation of

the proper proportions in nature and for

their reproduction in the sketch. Our
philosopher-poet, Emerson, says " a work
of art is an abstract or epitome of the
world. It is the result or expression of

nature in miniature."

The converse of this is also true, and
topography, though based upon exact
science, is entitled to rank among the
fine arts. The most skillful topographer
is he who is able to give the real expres-

sion which pervades the face of nature
corresponding to that which is seen in

the human countenance, an expression
which is the revelation of the forces

which have acted to produce it.

The geologist studies the active agents
of natural forces, the ocean waves and
tides, the winds, rains and running-

streams, and ponderous creeping glaciers:

the slow action of gravity, incessantly

carrying down the great basins of deposit

which would otherwise gradually become
filled up, and raising the places which are

lightened by the robberies of the wearing
waters, keeping up thereby an under-
ground movement, which with the surface

movement, constitutes a complete circu-

lation of materials : and the occasionally

sudden action of gravity, when the
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strained sheets of rock finally give way,

and move to new levels of temporary
equilibrium with accompanying earth-

quakes and lava flows. He sees the

sculpturing effects of the super-terranean

agents which are continually carving the

face of the earth into forms which reveal

its past history even from those incon-

ceivably remote ages when its living in-

habitants, its plants and animals, were
strangely different from those of the

present day.

These studies enable him to detect

incongruities in the work of an unskilled

topographer whose representations of

the surface conflict with the true charac-

ter of the underlying rocks carrying the

characteristic marks of the subterranean

agents which have bent and torn them,

while lifting them to be shaped into

errand and beautiful contours of the ever

varying landscape.

The use of the plane table may in some
respects be compared to the work of the

artist who plants his easel in the field

where he can compare his picture with

nature as it progresses. It has been
adopted by the U. S. Geological Survey,

whose topographers find it especially well

adapted for mountain topography. The
accuracy of the method is only limited by
the conditions of graphic representation,

and if the proposed survey of Massachu-
setts is made, this will be the method
employed.

If all the sheets of the map on the pro-

posed scale of 1:50,000 are joined togeth-

er when completed to make one continu-

ous map it will extend about twenty feet

from east to west. Such a sheet would
be too unwieldy for ordinary uses, most
of which could be conveniently made with

the separate sheets. It would be easy,

however, to join any required number
together, making continuous maps of en-

tire counties, of drainage areas and of

preliminary surveys for railways, for wa-

ter supply and for sewerage of cities, etc.

For schools and academies, a small

number of sheets covering the surround-

ing region, joined together and hung
upon the school-room wall, would enable

pupils to study the physical geography
of their own immediate neighborhood,
and to cultivate habits of exactness in

observation and comparison.
Plaster models of parts or the whole

of the State could be made for museums,

colleges, etc., with little difficulty, show-
ing in miniature all the inequalities of the
surface in their true proportions.

The exact areas, relative positions and
differences in heights, of drainage basins,

lakes, ponds, swamps and meadows could
be found, for sanitary and other purposes
by inspection of the maps.
To enumerate, indeed, all the useful

purposes of such a series of accurate
maps would be difficult if not impossible.

The question now presented to the
legislature of Massachusetts is whether
the State, by co-operation with a trained

organization of high character, will secure
a survey of this nature at less than half

the cost which would be incurred in a
separate undertaking.

On the other hand in case the State
declines to co-operate, the Geographical
Division of the U. S. Geological Survey
expects to prepare a map at a cost of

about $20,000. The result will be a map
having a greater scientific value than the
present map, but falling far short of ful-

filling the engineering and other State
purposes which are attainable by the
proposed plan of co-operation.

Is it not to be feared that this course
would have the effect of postponing the

more elaborate survey until the false

economy of the delay should have become
evident, even to the most unappreciative

minds by repeated wasteful expenditures
that might have been avoided by improv-
ing the present opportunity ?

Viewed with regard to the welfare of

the whole country it would seem that a

scheme of national co-operation such as

has been outlined above, is worthy of the

careful consideration of each of the sev-

eral commonwealths. The amount of

detail for each State and the consequent
cost of the work having been adjusted to

its special needs, the conduct of the sur-

vey under a skilled national organization

would be likely to accomplish far more
satisfactory results than if State surveys
were independently organized.

The great tower of Norwich Cathedral is in

a state which is causing anxiety, and, like

the Peterborough Cathedral, may have to un-
dergo important and expensive operations.

The wall of the tower near the top is weakened
by the introduction of a passage and open ar-

cade, and the weight of the spire above is

causing settlements in that part. It may, how-
ever, be possible to put in the saving stitch.



SOLUTION" OF THE PEEFECT SCEEW PROBLEM. 343

ON A PRACTICAL SOLUTION OF THE PERFECT SCREW
PROBLEM.*

Bt Prof. WILLIAM A. ROGEES.

From "English Mechanic and World of Science.'

Prof. Rogers said that at the outset it

was essential that the term " perfect

screw " should be defined. Perfect is a

relative term. A piece of mechanism may
be termed perfect when it meets all the

requirements of the purpose for which it

was constructed. After describing the

errors to which screws are subject as be-

ing an error in the total length, the pitch

of the screw for even revolutions not be-

ing uniform, and the fact that there may
be a gradual increase of pitch up to a

certain point, and then a diminution un-

til the amount of decrease is equal to the

previous amount of increase, he detailed

the most important failures to make satis-

factorily perfect screws, and continued :

—

An order was received from Prof. Wm.
A. Anthony for the construction of a di-

viding engine for the Physical Depart-
ment of Cornell University. Upon ac-

cepting the order, a shop was fitted up in

Boston with tools of the best quality,

chiefly from the establishment of Pratt

and Whitney, and Mr. Ballou undertook
the construction of the engine, mainly
from his own designs, and of the screw
which is its essential part. The com-
pleted machine was shipped in just 35
weeks after the actual commencement of

the work ; and the screw, which will be
presently discussed, was cut and ground
in 27 hours from the time the first trac-

ing of a thread was made. It was at that

time practically perfect for about 20
inches, and nearly as perfect as it after-

wards became by the process of grinding
adopted. Notwithstanding the fact that

the work was done upon a common lathe

in which the errors of the leading screw
were enormously large, the result showed
that the method employed was based up-
on correct mechanical principles, and was
entirely feasible.

This method can be described in a very
few words.

* A paper read at a recent meeting of the American
Society of Mechanical Engineers.

Let the reader hold clearly in mind the
following. There are

:

1. an ordinary lathe, the ways of which
have been made as nearly straight as pos-
sible. ,

2. A shaft between dead centers which
maintains a cylindrical form during every
revolution and every part of a revolution.

3. A microscope jDrovided with Tolles'

opaque illuminator for viewing opaque
objects, attached to the carriage moved
by the leading screw of the lathe.

4. A graduated bar mounted independ-
ently of the carriage, with subdivisions
which are multiples of single threads of

the leading screw.

5. A slide moving parallel with the
leading screw, by means of a very short
and firmly mounted micrometer screw of

comparatively large diameter and at-

tached firmly to the carriage. The tool-

post is secured firmly to the secondary
slide.

6. A mechanical means of determin-
ing when the leading .screw has made a

complete revolution.

The method of proceeding was as fol-

lows:—The graduated bar having been
leveled up and set parallel to the axis of

the screw to be cut, the micrometer of'

the microscope was set upon the initial

line. The lathe was then started with
the leading screw " in feed." After the
screw had made, for example, nearly ten
revolutions, the lathe was stopped and
the remainder of the even revolution was
completed by hand manipulation. The
deviation of the micrometer line from the
corresponding graduation upon the bar
was then measured in terms on the screw
head of the secondary micrometer screw.

In this way the errors of the leading

screw with respect to the graduations of

the standard bar were determined and
written down upon a strip of paper pasted
to the vertical face of the bar. The car-

riage was then started again with the
cutting tool in operation, and by means
of a rough pointer, the micrometer screw
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working the secondary slide was fed

either forward or backward, in accord-

ance with the corrections before deter-

mined. Hence, when the even revolution

was completed, it would be found that

the line of the bar would be nearly under
the cross wire of the microscope. This
operation was kept up until the screw

was finished.

At the completion of the operation of

cutting, it was found

:

First.—That the total length of the

screw corresponded nearly with the

length of the line standard from \fhich it

was cut,

Second.—That there were at many
points minute irregularities of pitch, due
to the fact that the application of the

corrections intermediate between the

main divisions had not been exactly

made.
Third.—That the crucial test ; of the

removal of these irregularities by grind-

ing with a brass nut was a complete suc-

cess. As had been predicted, they were
for the most part removed after anJaour's
grinding.

The method of testing was as follows

:

Two half nuts with projecting arms rest-

ing upon the /
— —

x shaped way
were first placed at a fixed interval apart.

A microscope was mounted on one nut and
coincidence was made between the mi-

crometer wire of "the microscope and a

line drawn upon the upper surface of the
other nut. It is obvious that if the rela-

tion between the different threads of the
screw remained constant, the line under
the microscope would remain constant.

This constancy under half-inch objective

was maintained for about 20 inches.

Then the nuts began to separate, and the
separation continued until the maximum
deviation amounted to about 50

1
00 of an

inch ; but near the end the nuts came
back to their first relation.

In order to eliminate these residual

errors, together with what errors might
remain which were a function of one re-

volution of the screw, the following meth-
od was employed. The grinding nut was
made in halves, in such a manner that a
constant relation was maintained between
the halves, both in their normal and in

reversed positions. By grinding the
screw, first with halves of the nut in their

normal relation and then in reversed re-

lations, the tendency was to continually

work out the periodic errors of the screw,

with the exception of minute errors

which were transferred from the screw to

the nut during the operation of grinding.

In order that the nut might grind with-

out disturbing the general relation be-

tween the threads, a cast-iron cylinder

with a center at the bottom was filled

with the best sperm oil, and the screw
was mounted vertically upon this center.

At first two broad fans were attached to

the nut in the hope that the resistance of

the oil, which in this case would be sym-
metrical with respect to the axis of the

screw, would be sufficient to drive the

nut upon the screw. As this movement
was found to be too slow, a guiding rod
was used.

The grinding process was continued
for three weeks, and the results obtained
confirmed previous experience. At the

end of the first week the maximum error

of 6o\ of an inch had been reduced
about one half, but it was found that

small errors had been introduced in the

mean time at other points,through a slight

transfer of the errors of the screw to the

nut itself and from thence back to the

screw. Near the end of the second week
the screw was clearly less perfect as a

whole than at the commencement of the

operation of grinding. Mr. Ballou then

recut the nut, making its diameter a little

less than that of the screw. Within a few
hours thereafter a decided improvement
was observed. A new nut was made at

the end of the second week having its di-

ameter still a little less than before.

During the third week the gain consisted

for the most part in eliminating the errors

which had been introduced during the

second week. Throughout the entire

operation of grinding, reversals were
made every hour both of the halves of the

nut and of the screw upon its centers.

Prof. Sweet, in the course of discussion,

said that having obtained a practically

perfect screw, there remained the diffi-

culty of using it so that it should remain

perfect. In using a comparatively short

nut on a long screw, the screw under the

ordinary conditions of use was unequally

worn at different places in its length, the

result being that the originally accurate

screw soon became full of inaccuracies.

Were it possible to use a nut of a length

equal to that of the screw the accuracy

of the latter might be maintained. Imag-
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ine a long and nearly accurate straight

edge, bnt with small local inaccuracies

along its length, and then trying to re-

move these inaccuracies by grinding with

a short and perfectly accurate straight

edge, and you have a fair idea of the con-

ditions existing in the use of a short nut
and a long screw. The accurate straight

edge must be as long as the one it is used
to correct. He had often thought that,

in the lead screw of a lathe for instance,

by removing some of the threads on the

parts of the screw that were used the

least the tendency would be to a better

preservation of the accuracy of the screw,

but as in many other things, he had never

had the courage of his convictions in a

sufficient degree to do what he thought
was right.

ENGINEERING NOTES.

rpHE report of the directors of the Panama
i Canal Company on the present condition

of the works states that the number of men
employed in May, 1884, was over 19,000. It is

calculated that the excavations amount to 110,-

000,000 cubic meters, in addition to 10,000,000
cubic meters of earthworks in altering the

course of the Chagres. Up to the end of April,

1884, the total amount of work done is repre-

sented by 5,243,802 cubic meters of earth re-

moved. Until January 1st, 1884, however, the

real work of cutting the canal had scarcely
fairly begun, and of the, total of 5,243,302
cubic meters of earth removed, nearly half,

that is to^say, 2,482,768 cubic meters have been
removed in the first four months of the present
year. In the total of 120,000,000 cubic meters
of ground to be excavated, 40,000,000 will be
taken away by means of dredgers. The pro-
jector says there can be no doubt of the canal
being open for navigation before the close of

The proposal to construct a ship canal across
Ireland is again to the fore. The Dublin

Freeman's Journal has published particulars
of the project for constructing a ship canal
across Ireland, which it assures its readers is a
reality, and has been warmly espoused by in-

fluential people in England. " Elaborate plans
and surveys have been made at considerable
expense, and have been submitted by Captain
Eads, the American engineer. The proposed
canal would be 127 miles in length, and would
contain thirty locks. For ships of 1,500 tons
the cost would be £8,000,000 ; for ships of 2,500
tons £12,000,000 ; and for ships of 5,000 tons
and upwards £20,000,000. If built on this scale
the canal would be 200ft. wide on the surface
and 100ft. at the bottom. The passage through
the canal would be effected by a system of tow-
age, and it is estimated that the passage of a
ship from Galway Bay to Kingstown would oc-
cupy between twenty-four and thirty-six hours.
An alternative scheme of a ship railway, on
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which the ships would be carried in cradles,

which could be constructed for £10.000,000, is

proposed, by which the duration of thi

through the island would be reduced to tv

hours An immense aqueduct would havi

be constructed to carry the canal over the

Shannon at Banogue. It would be over three
miles in length, and would be one of the

difficult and costly works in connection with
tlie undertaking."

The producers of petroleum on the western
shore of the Caspian Sea have been con-

templating seriously the laying a pipe line en-

tirely across Persia to the Persian Gulf. If

this were done they say that they would have
the Asiatic market to themselves ;

which is not
so certain, however, because there would be no
traffic to the Persian Gulf port for vessels tak-
ing petroleum to India, China, &c, from it. A
pipe line would have to be something more
than 700 miles long to reach the coast, and as

it would for a long distance pass through a
territory of savage Kurds and other nomadic
tribes, it is feared that it could not easily be
kept in operation.

nPHE preparatory measures for the junction
-L of the sea of Aral with the Caspian Sea
have reached a further stage by the return to

St. Petersburg of the Russian expedition which
has been surveying the route. The Russian
Government was so convinced of the important
nature of the proposed water-way that General
Gluchowsky, the originator of the idea, was
sent at a cost of nearly £100,000 with a corps

of experts and engineers to make the necessary
investigations. The results of this step have
not been made public, on the ground of their

being under examination by a commission. It

is, however, concluded in some quarters that

the silence of the official press indicates the
non-fulfillment of the original expectations.

Bridges and structional ironwork have been
in fair demand during the past six months,

and Messrs. Matheson and Grant in their " En-
gineering Trades' Report " say: ''Prices have
fallen only in proportion to the slightly lower
cost of iron. The ironwork required at home
has been mainly for the widening of railways

and the extension of existing stations. The ap-

plication of machinery to the manufacture of

iron structures has been much improved dur-
ing the last few years

;
portable as well as fixed

hydraulic riveters are now almost universally

used, and multiple drills form a more important
part of factory equipment than formerly. The
English system of riveted connections is still

preferred to the American plan of links or ' eye

bars' with pin connections, and though
bridges according to the latter method come
into competition with English bridges in South
America, and have even been imported into

the Australian Colonies, the English riveted

bridges are preferred where stability and per-

manence are valued. Steel is becoming more
used as its price approaches that of iron. Be-
sides the Forth Bridge, which will require
about 10,000 tons of steel per annum for the
next four years, steel bridges over the Hoogh-
ley and the Indus are being made for the In-
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dian railways, and will do much to render en-

gineers and manufacturers acquainted with its

use. In London, the railway bridge over the

Thames at Blackfriars is being doubled, the

South-Eastern Railway bridge at Charing-cross
is to be widened, Hammersmith Suspension
Bridge is to be strengthened, and a new iron

bridge is to be built at Battersea. The long
proposed bridge across the Thames by the

Tower will probably soon be built."

IRON AND STEEL NOTES.

Bessemer Steel foe Engineeks' Tools.—
How nearly Bessemer steel can be

brought to crucible in its usefulness for tools is

a matter than which there are few more import-
ant to the machinery engineer. The advance
of the Bessemer metal in this respect means to

him a considerable saving of money. It may
not, perhaps, be generally known that the Bar-
row Hematite Steel Company is doing a good
deal in the production of Bessemer steel for

uses hitherto served by crucible steel. In ad-
dition to its usual out-turn of heavy steel, in the
form of rails, blooms, tires, &c, the company
is producing upwards of 1,000 tons per week of

special steel, which is being worked up in vari-

ous parts of the kingdom into all the following
forms:—Roll-turning and lathe-turning tools,

chisels, files, shear blades, rail drills, rail

punches, shear steel for welding to iron, miners'
drills and tools, picks, shovels, hand hammers,
roller bar and cotton spindles, locomotive en-
gine, wagon, carriage, coach, and furniture
springs, bolts, nuts, rivets, pit-ropes, telegraph,
crinoline, and corset wire, umbrella frames,
wire for musical instruments, and the like. Nor
has cutlery itself been found too hard a test

;

for this special steel has been made even into

razors with decidedly good results. Touching
the extent to which the articles answer, it may
be mentioned that a 1-inch pit chain, made
from a soft sample of this special Bessemer
make, withstood a breaking load of 35.63 tons

;

elongation, 6 inches or 18 inches. The welding
had been done by a smith not accustomed to
chain work. This is very encouraging to ma-
chinery engineers, with whom Bessemer steels

are gaining favor to the supplanting of cheap
cast steels.

Observations on Hardening.—Too many
of the so-called steel articles sold in the

market are either made from steel incapable of
being hardened, or are not hardened at all.

Good cast steel can be hardened and tempered
so as to receive and retain an edge. This is not
required of table cutlery generally—only of the
carving knife—but it is required of the hand
saw and the buck saw, of the spade and the
manure fork, of the scissors and the pocket
knife. Saw blades (so far as the writer has
tried them) are not hardened ; they will not re-

tain " set" nor hold edge. They are gummed
as they come from the rolls and the slitting

machine, with no pretence at hardening or
tempering. But they are stamped " cast steel,"

and that probably satisfies the public ; but there
are mechanics who would pay something extra
to get good hardened and tempered saw blades,

even at a much higher cost than that of the
soft plates, the teeth of which can be bent by
thumb and finger, and the set of which is re-

moved by sawing through an inch thick spruce
board. A spade is only an enlarged chisel ; it

should be capable of retaining an edge suffi-

cient to cut through tough turf and dead grass.

But most of the "cast steel" spades in the
market can be sharpened as readily by drawing
the edge cold under the hammer as by the

grindstone. The edge never breaks, but bat-

ters and bends. The trouble with almost all

the cast steel tools put ready made on the mark-
et is that they have never been hardened. Cast
steel unhardened is as soft as wrought iron un-
casehardened. A cast steel hammer became so

indented on its face by driving nails during one
season in jobbing that it had to be reground
and polished. Yet the hammer was of steel

capable of being hardened, as was proved by
its being subsequently hardened and drawn to

temper. It is quite possible that the reason
why many of these articles prove to be soft is,

not that the material is not good, but that they
have never been hardened. Brightened steel

that has not received a hardening may respond
in after-heating to several of the tempering
colors ; and this is probably one reason why
common steel articles are not thoroughly hard-
ened. It is not uncommon to see a forger or

temperer heat a piece of cast steel to a very
low red—a red that shows only in the shadow

—

and then brighten and draw the temper to

color, when after-trial proved that the steel had
never been hardened. Indeed, the dull red
that some smiths use for hardening such tools

as cold chisels and other low-grade tools is that

at which a red annealing may take place, the

piece being heated to a dull red and plunged
into water. The first requisite in making a

cast steel tool into a working tool is to harden
it. After its hardness is proved then it may be
tempered to the condition required. There is

no intermediate process of properly tempering
between absolute hardening and subsequent
drawing.

RAILWAY NOTES.

rpHE whole extent—75 miles—of the Coude
JL d'Eu Railway, in the Province of Parahy-
ba, Brazil, constructed by Messrs. Wilson, Sons
&Co., was successfully opened for traffic on
4th inst., this being before contract time.

It is now some twelve years ago that Messrs.

Merryweather & Sons, of London, con-

structed their first steam tramway engine for

the late Mr. Grantham. Since the failures of

that time the economy and practical value of

steam on tramways have been gradually proved
in several parts of the world. The measure of

success now obtained may be gathered from
the fact that Messrs. Merryweather have re-

ceived an order for fifteen of their tramway lo-

comotives for use on the North London tram-
ways. This tramway company has waited un-
til experience has improved tramway engines
sufficiently to add economy to the advantage
they offer as to haulage power.



RAILWAY NOTES. 347

About 94 per cent, of the double mileage of

. the railways in England and Wales is now
worked on the absolute block system, and the

greater portion of the single lines is under the

same control, in addition to the train-staff sys-

tem. In Scotland, the double mileage worked
by the absolute block is 90 per cent, of the

whole, and in Ireland, 22 per cent.

The active interest taken by the Austrian
Government in the construction of rail-

ways in Bosnia and the Herzegovina is being
further illustrated by the proposal for a line

from Metkovic to Mos'ar, following the right

bank of the Narenta, and designed to facilitate

commerce while also serving useful strategical

purposes. Metkovic is at present a point of

junction between the steamboat service on the

Narenta and the land transports. After the

regulation of the stream it is expected that large

vessels can reach this point. There are import-
ant coal deposits at Mostar. The total length
of the line is 26i miles, and the difference in

altitude between the terminal points about 200
feet. The gauge is fixed at 29.92 inches so as

to correspond with the Brood-Serajero line.

The permanent way will consist of steel rails

3.54 inches in height, and weighing about 34
lbs. per running yard, the maximum gradient
not exceeding 1 in 300. Thei-e is a tunnel about
150 yards long, and various cuttings through
rocky ground, &c. The three stations are
principally intended for supplying water to

the engines, as the country is thinly populated.
The line is estimated to cost £170,000. It is in

view to prolong the line to Serajevo, and a
branch from Metkovic to Ragusa is also spoken
of by the Deutsche Bauzeitung.

(. ome idea may be formed of the traffic on
k** English railways from the following facts :

—Through Farringdon Street Junction of the
Metropolitan Railway 1,800 trains pass in twen-
ty-three hours every day. There are four lines

of rails, used by the Metropolitan, Great North-
ern, Midland, London, Chatham, and Dover, and
Metropolitan Extension Companies. Through
Watford Junction, on the London and North-
Western Railway, 233 trains pass every day.
This gives something like one in every four
minutes of the twenty-four hours. At Cannon
Street station, on the South-Eastern line, the
number of trains using the station is 750 in one
day. Through Clapham Junction the London
and South-Western Railway had, in the year
1877, on an ordinary week-day, 65(3 trains, while
on the Derby Day of 1876 no less than 1,023
trains passed through this junction. The num-
ber is now over 1,000. The total number of
passengers conveyed in 1883, exclusive of sea-

son-ticket holders, was—first-class, 36,387,177;
second-class, 66,096,784; third-class, 581,233,-

476; total, 683,718,137; and season-ticket-hold-
ers, 180,000,000; total 863,718,137. Of minerals
there were conveyed 189,485,612 tons ; of gen-
eral merchandise, 76,897,356 tons ; number of
miles run by passenger trains, 139,545,464;
number of miles run by goods and mineral
trains, 129,351,774; total miles run, 268,897,-
236 ; miles of railways, 18,668 ; number of per-
sons employed, 367,660.

T^he American Consul, Mr. Lyell T. Adams,
at Geneva, writing on the subject of inter-

national railway communication, states that any
account of the commercial position of Switzer-
land at present would be incomplete without
some reference to the great change impending
on the completion of the new lines of interna-

tional communication, whose effect will be to

make her a commercial, as she already is the
geographical and hydrographical, center of

the Continent. Nothing has isolated her, hith-

erto, but the altitude above the sea level, now
overcome by the Brenner Railway, and the tun-
nels of the Mont Cenis, the St. Gothard, and
the Arlberg recently opened. By these routes
the extremities of Europe are brought into di-

rect relations, the meeting point of all lying
upon Swiss territory, with the exception of the
Mont Cenis. This line crosses Upper Savoy,
which, by the treaty of 1815 forms part of the

Swiss neutral territory, to be occupied in war
by the armies of the Confederation. One of

its main feeders is the West Swiss Railway,
from Berne to Geneva, and much of its traffic

is likely to be diverted by the projected tunnel
under the Simplon. What effect, adds 3Ir.

Adams, this reconstruction of the European
railway system will have on the fortunes of

Switzerland, it is as yet too early to conjecture.

The construction of the Corinth Canal seems
to have tended to increased activity in

railway construction in Greece. A railway is

being constructed in the Peleponnesus, starting

from the Pyrseus, which is the port of Athens.
The station at Athens is about 1,500 feet in

length and 130 feet in width, being near the
Academy of Plato. The Kepissos is crossed
by a bridge 90 feet in length, and the railway
then traverses the north-western plain of Athens
to Kameteron, following in a northerly direc-

tion the base of the Parnes mountain, subse-

quently penetrating through the narrow pass of

Phyla?, and proceeding through the villages of

Charia to Eleusis. The further portion of the

railway from Eleusis to Megara was expected to

be opened about the present time. The poition

of the line from Megara to the Isthmus of Cor-

inth presents the difficulty of a track overhang-
ing the sea at a height of about 190 feet for a
distance of nearly six miles, this romantic lo-

cality being known as the Scirronic Rocks.
The completion of this portion of the line will

hardly be possible before a late period of the

Autumn. At Corinth the line divides the

southern portion terminating at the cities of

Argos and Nauplia. The western line follows

the coast of the Gulf of Corinth, and goes
through JEgium—Vostizza— to Patras. From
that point it extends along the west coast of the

Peloponnesus through Achaia, Gastuni, and
Kalakolon to PyrgosT in the vicinity of Olyni-

pia. The whole district traversed by the rail-

way is thickly populated and in a good state of

cultivation, the gain to local commerce being
enhanced by thefact that there are scarcely any
practicable harbors at that part of the coast.

r piiE Lartigte Balance Railway.—A cor-

_]_ respondent writes to the Times : Already
a railway exists in Africa, working several

miles, for the conveyance of the alfa plant



348 VAN NOSTRAND's ENGINEERING MAGAZINE.

paper, which may possibly prove of good ser-

vice in Egypt. This is the elevated single-rail

system invented by M. Lartigue. It is said to

be much cheaper in material, in working, and in

the rapidity with which it is constructed than
any other system. Although, as an agricultu-

ral railway, specimens had been exhibited and
had gained medals at the exhibitions of Amiens
and Amsterdam last year, the railway was first

shown with electricity as the motor at the Palais

de l'lndustrie this spring. At the time I gave
particular attention to the subject from an ag-

ricultural point of view, and obtained from the
inventor himself much information concerning
it. In due time it was seen in working order
in the exhibition, and became quite a center of

attraction, being visited by the president and
many of the official notabilities. Messrs. Sie-

mens had supplied, at eight days' notice, a very
effective electrical motor, which, attached to

light cars running on grooved wheels over a
single bar of iron suspended about three feet

from the ground, drew along goods and passen-
gers in a very satisfactory manner. So light

was it tiiat an American general with me, who
had put 250,000 men in the field, pulled along
with his simple strength about fifteen cars, with
the observation, "These trucks are a going
concern." The sections of the rail are wonder-
fully light, the rail, bar, and standards weigh-
ing only about 65 lbs., and the cars for goods
75 lbs. A couple of workmen can set up sev-
eral hundred yards of the line in a single day.
Curves are made by simply bending the rail

bar, and a few plain contrivances are applied
which meet all the ordinary railway transit ex-
igencies that occur. It is reckoned that the
haulage power necessary to move the load on
this system is 30 per cent, less than is required
upon ordinary double rails. Riders of bicycles
will readily understand this. The rail is, in
fact, regarded as the backbone of an animal,
and the burden is balanced or distributed on
either side, hanging baskets or frameworks
carrying variously shaped vessels forming cars
which run on the center wheels. The center
of gravity, being below the point of suspension,
is not readily disturbed, so that the difference
of half a hundredweight on either side only
gives a slight " list " to the load without increas-
ing the friction. Trusses of straw, baskets full

of produce, vessels for oil, wine, &c, and frame-
works for minerals were shown in various cars,
and a passenger car to carry four or six persons
was exhibited. This display was at the end of
February. On returning to London with many
detailed plans and illustrations of the system, I
made a point of showing them in various
quarters, among others, to the chief engineer
at the General Post Office, and to scientific and
agricultural friends, some of whom referred to
the principle of the saddle-back or balance rail-

way as being old. However, the detailed de-
signs, iron standards, and models of carriages
were recognized as novel and practical, while
the electrical locomotive was undoubtedly new.
Patents, in fact, have been obtained in France,
England, America, and other countries. Such
being the position, I was not astonished on re-
visiting France last week to find Lartigue's
railway, with its single bar, occupying space

at most of the Concours Regionaux. I saw it

at Orleans this week attracting notice ; and at

the Rouen Exhibition, just about to commence,
carriages for passengers on a large scale will
be shown such as I have this afternoon exam-
ined at the foundry at Grenelle. The system is

under the consideration of the French Govern-
ment as one especially suitable for military pur-
poses, forming a flying force from its portability.

Along the iron standard, 3 feet or Ak feet high,
runs an iron bar, in which is enclosed and pro-
tected a telegraphic wire. Probably soon our
own Government will duly consider this new
system for military purposes, telegraphic and
parcel communication. Our first Commissioner
of Works, Mr. Shaw-Lefevre, has already
evinced an interest in this French invention,
and certainly it is time the system should re-

ceive scientific notice on our side of the Chan-
nel, which it cannot fail to do if you can afford
notice of it in the Times. For warehouses,
farms, contractors' works, mines, &c, the
cost of this system is put at about 4s. 6d. a
yard, and carriages of various forms are offered

at from 24s. to 48s. each. The estimate given
to a mining company in Ireland which has made
enquiries for the construction of over two miles
of line, to carry 200 tons in ten hours, is, inclu-

sive of thirty carriages, only £1,350—a cost
much below that of the miniature railway, run-
ning on two rails. The electric locomotive ma-
chine of Messrs. Siemens is divided into two
parts, disposed and balanced on either side of

the rail, following thus the general principle

of the system. The motor is a dynamo-electric
machine, with the current continued in circuit

in connection with a fixed generating machine,
and is so contrived that the oscillations of

transit do not break the contact. The algebraic
formulas and technical descriptions, in which
engineers revel when forming comparisons of

one system with another, may here be omitted,
with the remark that, as French experts have
worked out their sum, the results in favor of a
railway running on a single bar are such as to

commend it to the English public for practical

consideration.

ORDNANCE AND NAVAL.

T^he Sea-Cell as a Possible Soubce of Dan-
-*- gee in toepedo-expeeiments. by h.
Mooes.

In considering the cause of a fatal accident,

due to the explosion of a torpedo in an experi-
ment conducted on board H.M.S. "Cerberus,"
the author was led to the conclusion that
though in this case it was "not proven," still

the electrical action set up between the zinc
plate of the torpedo case serving as earth for

the firing-current, acting as one pole of a bat-

tery when immersed in the sea, and the iron
hull of a ship with which the firing-line could
accidentally make contact, acting as the other
pole, might in certain cases be sufficient to ig-

nite the fuse. A battery thus formed would
have no resistance and an electromotive force
of about 0.514 to 0.564 volt ; the platinum fuse
ordinarily adopted has, according to the table
given in the " Chatham Instructions in Military
Engineering," a resistance of 0.325 ohm cold,
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and 0.74 ohm at the fusing-point, the current
sufficient to fire a charge being 0.75 ampere ; a
more sensitive detonator has a resistance of

about three times the former, and requires only
0.32 ampere ; the conducting wire used in the

experiment was such as to give 126.8 yards to

one ohm. From these data it results that the

total resistance in circuit for firing the ordinary
fuse with such a sea-cell would be 0.752 ohm,
and allowing for the increase of the fuse's

resistance with temperature, it would certainly

explode with 44^ yards of such a conductor in

its circuit; and, owing to the uncertainty of

the data adopted, a far greater margin of safety

would be required. Experiments to test this

theory were carried out by Messrs. G. S. Cald-
well and G. Smibert, of the Post and Telegraph
Department (the former was the first to pro-
pose the above theoretical deduction as the
cause of the accident), and though unpublished,
their results were placed at the author's dis-

posal. The experiments were made on board
H.M.S. " Malwa ;

" a zinc plate, 7x3 feet, was
lowered clear of the hull, and a small portion
of the rail well cleaned, with which the con-
ductor was put in contact , by this means eight

fuses of the regulation pattern were exploded
through lengths of wire varying from 10 to 41
yards <175 yards of this conductor had a re-

sistance of 1 ohm). An exposed surface of
copper in connection with the iron, as was
supposed to be the case on the "Malwa," would
give a higher electromotive force than iron
alone. The conclusions point convincingly to

the possibility of accidental ignition from such
a cause, and the necessity for due precaution-
ary measures to prevent any such accidental
contact in all torpedo experiments.—Abstracts
of Association of Civil Engineers.

BOOK NOTICES

Publications Received.

From Mr. James Forrest, Secretary of the
Institution of Civil Engineers, we have re-

ceived the following papers :

Emery Wheels and Emery Wheel Machinery.
By Walter Osmond Rooper.
The Storage and Shipment of Grain. By

Woodford Pilkington, M. Inst. C.E.
Experiments on Transmission of Heat. By

Gustav Adolph Hageman.
The Basic Open-Hearth Steel Process. By

Thomas Gillott, M. Inst. C.E.
The New York, West Shore and Buffalo

Railway. By Peter Chalmers Cowan.
The Comparative Value of Labor in Different

Countries. By Charles Ormsby Burge, M.
Inst. C.E.

Stadia Surveying. By Arthur Winslow.
Van Nostrand's Science Series, No. 77.

New York : D. Van Nostrand. Price 50 cents.

Since good authorities have determined that
with proper instruments the stadia method of
measuring distances is as reliable as average
chaining there has been manifested a strong dis-

position to adopt the method in quarters where
it was heretofore unknown.
The inquiry for a suitable guide to the method

had become quite a brisk demand before Mr.
Winslow's essay was printed in the pag< - A

Van Nostrand's Magazine.
The formulas and tables are such as are em-

ployed on the Geological Survey of Penn-
sylvania, and they form a part of the official

report.

It is rare that so complete a treatise on the

theory and practice of a method in surveying
is found in so small a volume.

Besides the stadia tables the book is fur-

nished with a table of logarithmic sines and
tangents to four places of decimals.

Recherches sur L'Electrioite. Par Gas-
ton Plante. Paris : Revue la Lumiere

Electrique. Price $3.50.

The importance which secondary batteries

and accumulators have of late assumed has in-

vested with a new interest the labors of M.
Plante.

The treatise before us is divided into six

parts. The first treats of accumulation and
transformation of electric energy by aid of

secondary currents. The second part treats of

applications. The third part contains " Effects

of Currents of High Tension." The fourth

part, "Analogies between the Effects of High
Tension and some Natural Phenomena." In
the fifth part is described the Rheostatic Ma-
chine. The sixth part discusses the analogies

between electric phenomena and some purely
mechanical effects.

The book is beautifully printed and illus-

trated .

A Treatise on Earthy and other Miner-
als and Mining. By D. C. Davies, F.

G. S. London : Crosby, Lockwood & Co. Price

$5.00.

This book is devoted to an account of the

more important minerals, their properties, lo-

calities and mining. The so-called useful and
the precious or noble metals—in short, all

those which are commonly used in the metallic

state—have been discussed by the author in a

previous treatise on "Metalliferous Minerals

and Mining."
The minerals to which considerable space is

given are, first, silica, and the chief combin a-

tions of alumina, magnesia and lime. Then in

order come salt, sodium nitrate, borax, baryta

and gypsum. Phosphate of lime is discussed

through four chapters. Three chapters are

given to carbon and one to sulphur.

What the author calls metallic minerals are

represented by arsenic, cobalt, molybdeseum,
antimony and manganese.
The illustrations are numerous, but rather

poor, and as the above schedule indicates, the

work is manifestly incomplete.

IT^ORESTS AND FORESTRY OF NORTHERN RuS-

J sia. By John Croumbie Brown. LL. D.

London : Simpkin, Marshall & Co.

In this. Dr. Brown has contributed another

addition to his long list of treatises on Forestry.

In this essay, as in"the one immediately preced-

ing it, there* is to be found a large fund of in-

formation regarding the physical geography of

the area described.

Part I. is devoted to a general description of
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the forest lands, embracing besides the northern

portion of Russia proper, Lapland, Nova Zem-
bla, and regions still beyond.

Part II. deals with Forest Exploitation, and
relates to all the Forest Industries, including

the manufacture of tar, turpentine and vin-

egar.

Part III. gives briefly an account of the Topog-
raphy, Fauna, Flora and climate of the region

—in short is a concise treatise on Physical Ge-

ography of Northern Russia.

"\ /T" EMORIAL OF ALEXANDER LYMAN HOLLEY,
jAJ C. E., LL. D. New York: American
Institute of Alining Engineers.
The reader will find in this memorial a skill-

fully-arranged summary of the literary and
practical works of Mr. Holley. The book is

pleasant reading, not alone from the fact that

much of it is the composition of a near friend

who wields a graceful pen, but also from the

fact that the most earnest praise in the volume
is from the foremost men in Mr. Holley's pro-

fession : men who were the best possible judges
of his worth and his work, and who regard with
evident pride the record of their compatriot.
At the memorial session of the American In-

stitute of Mining Engineers, held a few weeks
after Mr. Holley's death, the following sum-
mary of the qualities of their deceased mem-
ber was expressed by Hon. Abram S. Hewitt

:

" I think that even now, so soon after his de-

parture, we can assign him to the place which
he will hereafter occupy in the history of me-
chanical industry—a mechanical engineer of

unerring judgment, an inventor of the true

means for great results, a lover of his race,

who subjected .his science, his talents and his

labor to the good of his fellowmen ; and he will

live in the memory of those who knew him, and
in the grateful recollection of those who will

come after him, for many a generation."
A list of Mr. Holley's literary works forms

the seventh chapter of the memorial. The ear-

liest mentioned paper bears the date 1850, three

years before Holley graduated at Brown Uni-
versity. Many short articles are only referred

to collectively in a foot note, but enough is

clearly specified to prove that Mr. Holley was
one of the most industrious of scientific men.
He was the first editor of this Magazine, relin-

quishing it at the end of the first year on ac-

count of the pressure of his practical work.

House Draining and Sanitary Plumbing.
By Wm. Paul Gerheid. New York : D.

Van Nostrand. 2d edition, revised 1884. Van
Nostrand's Science Series, No. 63. Price 50
cents.

The author is chief engineer of a company
actively engaged in pushing improvements in

this special line. The position is eminently
adapted to produce a "valuable book, if not too
partisan. We do not observe the latter fault.

On the contrary it appears remarkably fair in

its enumeration and courses of the various de-
vices in use in all the divisions of the subject
from "Wash Basins" to "Trap on basin
Drain."
He has managed to say a good deal on this

vitally important subject in a 12mo book of 240
pages. The illustrations are peculiarly aggre-

gated on larger sheets than the pages, and fold-

ed in. The inconvenience is more than bal-

anced by the facility it affords for comparison.
There is danger that with much use such illus-

trations will be detached, or at least mutilated.

But it is a consoling reflection that the end is

progressing with such strides that few will care
to studjT these sections, except as curiosities, ten
years hence.
The importance of being able to determine

at moderate expense, in all situations, whether
there are any considerable openings in the
drainage pipes in a house can hardly be over
estimated. The test of filling the interiors with
a strong and marked odor has been long prac-
ticed by plumbers, and can be applied by any
householder. It is described on pages 62 and
63.

An enumeration of five separate points on
page 68 serves as a text for much of the suc-

ceeding portions. The book details, down to

the latest steps of progress, how to attain these
several points.

We pronounce this work, as now revised,

the most practically important of this entire

fifty-cent series. It is the most likely to do
good by its ^extensive circulation. The com-
munity owes a debt to the author and publisher
for disseminating this kind of information.

ri^HE Principles of Ventilation and Heat.
JL ING, AND THEIR PRACTICAL .APPLICATION.

By John S. Billings, M. D., LL. D. (Edinb.),

Surgeon U. S. Army. The Sanitary Engineer,

N. Y. 1884. Price $3.00.

Ever since the tailless animal reached the

stage of refinement at which he commenced to

avail himself of a covering of leaves, grass,

turf, logs or snow, to defend himself against the

heat, wet or cold, the question of how to live

at the bottom of an ocean of air and have
enough of it to breathe, has been before him.
Ever since Prometheus brought fire from

heaven, or mankind some other way invented
artificial warming, he has been confronted
with the further difficulty—how to make fire

available to ventilate ; or, in many cases, has
been obliged to " give it up," on the simpler
problem—how to ventilate sufficiently in winter
without too much cooling his building. This
book is a valuable contribution towards its

solution. But it shows that it is not yet solved.

Some forty years ago a wealthy gentleman of

this city constructed a stable with an air pass-

age from each stall out through the roof. His
horses had colds all the time, till he closed

them.
The Klamath Indian along the line between

California and Oregon, in composing himself

and his heterogeneous family for sleep in cold
weather, lets the fire go entirely out, and then
tightly closes the only orifice in his small earth

hut. Exact scientific calculation, writes a
friend of ours who was at one time surgeon at

Fort Klamath, shows that they will all be dead
at ten minutes before three. They perversely

live and flourish.

This book is eminently a collection of facts,

but these two facts are not in the volume. The
chief fault one finds in reading it, with a desire

to learn the latest, or rather the best plans, is the
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absence of a clear statement of what the author
recommends. He says, in substance, the
amount of ventilation practicable with efficient

warming depends on the expense which the

owner is willing to incur in the construction,

and in the subsequent fuel bills, a truism which
no one can gravely dispute

; but when we ask
how to spend money, with tolerable assurance
that the ventilation will be right so far as it

goes without interfering with the warming, if

the answer is there, it is not as conspicuous as

we would like to see it. The United States

Government expended liberally in ventilating

the magnificent room—the House of Represen-
tatives in Washington.

Possibly some may consider the book better

for omission of any recommendation. We do
not. When one is familiar with the sub-

ject we deem it not quackery, but the opposite,

the conclusion of one who has given much
well-trained thought, observation and experi-

ence to his subject. To tell us how, it is due
to the public. The preface tells us the object of

the writer is "to present the general principles

which should guide one in judging of the

merits of various systems of, and appliances for,

ventilation, more especially as applied to large

public buildings." Engravings and descrip-

tions are given of the provisions for warming
and ventilating many buildings.

The elaborate description of steam-heating
pipes, fans, distributing passages, and exhaust-
ing shafts in Mr. C. N. Dickenson's house, the

Fifth Avenue Presbyterian Church (Dr. Hall's),

Metropolitan Opera House, Madison Square
Theatre, Union League Club, and Columbia
College, New York ; the south wing United
States Capitol, and Barnes Hospital at Old Sol-

diers' Home, Washington ; the House of Lords
and House of Commons, London ; Grand Op-
era House, Vienna ; St. Petersburg City Hospi-
tal, Russia, and other buildings of less note,

with his evidently fair statement of the remain-
ing difficulties inmost or all the cases, leave one
with a painful sense of the little, instead of the
much, which is known about ventilation. At
Dr. Hall's church, he writes (p. Ill) ; of Mr.
Dickenson's house, our author writes (p. 69)

;

of the latest and best result in the U. S. Capitol.

Our author gives with faint approval the
leading 'features of the Ruttan system, a system
devised by a wealthy Canadian, the late Henry
Ruttan, who lost some members of his family
by lung diseases, and spent the rest of his life-

time in devising and carrying out a plan of na-
tural ventilation, excellent for dwellings and
all buildings not crowded. We esteem the
Ruttan system. Pouring the air in at the top
and taking it out at the bottom deserving
much more attention.

This book is valuable, immensely valuable.

Its work is in a line beyond mere dollars and
cents. Dr. Billings as author, and the Sanitary
Engineer proprietors as publishers, are doing-

missionary work, in spreading light on this sub-
ject. If the light is foggy, it goes to show if

any proof were needed that this subject is one
which needs this book, and much still further
skillful observation, experiment and successful
practice with a still further wide-spread pub-
lication of the result.

MISCELLANEOUS.

In a lecture on the fixed stars, Dr. David Gill,

F. R. S., said :
" Light takes almost exactly

500 seconds of time to come from the sun
;

this is a figure easy to remember, and is prob-
ably exact to a single unit. The sun is ninety-
three millions of miles distant, and this figure

I believe to be exact within 200,000 miles.

Quite recently the accuracy of these figures has
been confirmed in a very remarkable way by
different kinds of investigations by different

observers, otherwise I should not have quoted
them with so much confidence. The parallax
of a Centauri is three-quarters of a second of

arc ; therefore its distance is 275,000 times the
distance of the earth from the sun, and there-

fore light which travels to the earth from the

sun in 500 seconds

—

i. e., in 8£ minutes—would
take 4.36, or a little more than 4^ years to come
from a Centauri."

Rtjbenniok's process for metalizing wood
i consists in steeping the wood in a caustic

alkali for two or three days, according to its

degree of permeability, at a temperature be-
tween 164 deg. and 197 deg. Fah. The wood
is then placed in a second bath of hydrosul-
phate of calcium, to which is added, after

twenty-four or thirty-eight hours, a concen-
trated solution of sulphur. After forty-eight

hours the wood is immersed in a third bath of

acetate of lead at a temperature between 95
deg. and 122 deg. Fah. , where it remains from
thirty to fifty hours. After a complete drying
the wood thus treated is susceptible of a very
fine polish, especially if its surface is rubbed
with a piece of lead, tin or zinc, and finally

finished with a burnisher of glass or porcelain.

It then looks like a metallic mirror, and is com-
pletely sheltered from all the deteriorating ef-

fects of moisture.

Repokts from the National Armory at

Springfield, Mass., speak well of the new
ramrod bayonet. The bayonet portion of the
ramrod is 15 inches long, slightly thicker than
an ordinary rod, with a four-grooved blunt
point. It is held in position when ready for
use by a simple spring clasp, invented by Col.

Buffington, and when not wanted is pushed
down until it occupies the same position as the
ordinary Springfield rifle ramrod. On the ex-
perimental gun which has recently been fitted

up according to Colonel Buffington's plans, a
guarded bead front sight is used, and also a
2,000-yard screw adjustment peep hind sight,

with a 1.4 inch windage movement. An auto-

matic allowance for the bullet "drift " is one of

the features of the new pattern hind sight.

A paper on '
' The Formation of Sugar in the

Sugar-cane," was recently read by M.
Aime Girard before the Paris Academy of Sci-

ences. By comparative investigations of the
amount of cane sugar and grape sugar in dif-

ferent parts of the sugar-cane in the afternoon
and before sunrise, the author has found that
only in the substance of the leaves does this

quantity vary, and that the quantity of cane
sugar sinks during the night to one-half, whilst
the quantity of reducing sugar remains almost
unaltered. He finds further that the quantity
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of cane sugar in the leaves increases with the

illumination, on very bright days reaching
nearly one per cent. , considerably less on dull

one?, and in either case diminishing during the

night by one-half. From this the author con-
cludes that the formation of saccharose from
glucose takes place entirely in the leaves under
the influence of sunlight, and that the saccha-

rose thereupon ascends the cane through the

petioles, &c, and collects there.

IMPROVEMENTS EST BeONZE AND BRASS ALLOTS.
—A patent has been obtained by Prof. A.

K. Huntington for improvements in metallic

alloys, the object of which is to secure strength,

elasticity, and closeness of grain by the addition

of a cheap and easily accessible material. For
this purpose, to the copper or alloy he adds a

small quantity of silicious iron which may con-
tain a small proportion of other metals, such as

manganese, tungsten, or the like. The mixture
is made while the materials are in a molten
state and as nearly as possible at the same
temperature. As examples of alloys made ac-

cording to the invention, to copper and tin in

the usual proportion for gun-metal add not
more than 2 per cent, silicious iron ; to copper
and tin in the usual proportion for brass add
not more than 5 per cent, silicious iron ; in

bronzes or brasses where tin is present besides
copper and zinc, a less proportion of silicious

iron is used than when there is no tin. Gener-
ally, when zinc forms part of the alloy it is pre-

ferred to use silicious iron containing a propor-
tion of manganese.

MLazaee Weillee has conducted a series

. of valuable experiments with the object

of ascertaining the relative electric conductivity
of metals, submitting the results to the Societe

Internationale des Electriciens. They are re-

ferred to a pure silver wire, 1 millimeter in

diameter, and having a resistance of 19.37 ohms
per kilometer at deg. C, as a standard. The
following are his figures :—Pure silver, stand-

ard 100.00; pure copper, 100.00, silicon bronze
(telegraph), 98.00; alloy of equal parts silver

and copper, 86.65; pure gold, 78.00; pure
aluminum, 54.20; silicon bronze (telephone),

35.00; pure zinc, 29.90; phosphor bronze (tele-

phone), 29.00; alloy of equal parts silver and
gold, 16.10; Swedish iron, 16.00; pure Banca
tin, 15.45 ; 10 per cent, aluminum bronze, 12.60

,

Siemens steel, 12.00; pure platinum, 10.60;

pure lead, 8.88 : pure nickel, 7.89 ; antimony,
3.88.

MEdouabd Landein, who had previously
. shown that when an intimate mixture,

in certain proportion, of pure lime and quartz
is raised to a white heat, the resulting cement
sets slightly on contact with water, but becomes
very hard in the presence of carbonic acid, has
shown us the results of some new experiments
on the hydraulicity of cements that (1) silicates

of lime raised to high temperatures set with i

difficulty, and in any case do not harden in I

water, according to M. Fremy's experiments;

(2) for the calcination of cements to exert a
maximum influence on the setting, in connection
with water, of the compound obtained, the

process must be carried sufficiendy far for the
|

lime to act on the silica so as to transform it

into hydraulic silica and not into fused silica •

and (3) carbonic acid is an indispensable factor
in the setting of siliceous cements, inasmuch as
it is this substance which ultimately brings
about their hardening.

e. C. V. Boys recently read a paper before
the Physical Society on a phenomenon

of electro-magnetic induction. Between the
poles of an electro-magnet a small disc of cop-
per is hung by a bifilar suspension. If the
magnetic field is uniform and the disc at an
angle to the lines of force, then on making the
magnet it is jerked parallel with the lines of
force. If it is a changing field, and the disc
perpendicular to the lines of force, it is repelled
on making the magnet and attracted on break-
ing by the nearest pole. This phenomenon,
which was observed by Faraday, was shown
by Mr. Boys to be useful for determining the
intensity of a magnetic field by measuring the
throw of the disc on magnetizing and demag-
netizing. It might also be employed to meas-
ure the resistance of bodies in the form of
plates, from their diameter, moment of inertia,

and observed throw. Any structural difference
of resistance*in different directions in the body
might be determinded by its means. Mr. Boys
illustrated his remarks with curves of results

obtained by experiment. Lord Rayleigh con-
sidered that the effect of self-induction on the
results was not likely to be serious.

An important piece of work has just been
brought to a successful conclusion in

Rome, in the complete renewal of the leaden
envelope of the dome of St. Peter's Church, in

Rome. It has occupied twelve years, and has
cost over 200,000 lire (£8,000). The original
covering was applied to the dome in an imper-
fect fashion, which made continuous repairs a
necessity ; and at last it was determined to strip

off the whole envelope and substitute a new
one on a better system. New lead was import-
ed from Spain and mixed with the old lead, in
the proportion of one part old to two parts new.
The total weight of the new cover is given at

354,305 kilogrammes, and if it were spread out
flat it would occupy an area of 6,152 square
meters, or about an acre and a half. In strip-

ping off the old plates three of them were found
to be of gilded copper.

At a recent meeting of the Berlin Physical
Society, Professor Lampe spoke on the

on the subject of a hypothesis respecting the
formation of the solar system set up byM. Faye
in place of Laplace's hypothesis. According to

M. Faye's theory, in the original uniform nebu-
lar mass, vortices were formed which gave rise

to the existence, first, of the middle planets,

and then, ultimately, of the outer planets.

This hypothesis was advanced as an explana-
tion of the fact that the moons of Uranus and
Neptune revolved in a direction opposite to
that of the sun, the planets, and the other
moons, a fact which was not accounted for by
Laplace's theory. Only a brief communication,
however, had yet been published of M. Faye's
hypothesis, which, too, appeared to betray a
number of lacunae.
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BOILER EXPLOSIONS—THE CAUSE AND THE REMEDY.
By THOMAS KAYS.

Contributed to Van Nostrand's Engineering Magazine.

Since the introduction of steam as a

motive power, and in the face of contin-

uous investigation, the cause of steam
boiler explosions has, until recently, re-

mained a profound mystery. The theories

of explosions were numerous. The most
prevalent were" low water," "hot iron,"
4

' high pressure," "mere escape of steam,"
" superheated steam," " electrical," " gas-

eous,'' and the " spheroidal."

The theory most generally accepted
was that of low water. This theory was
in conflict with facts as established by
unquestionable evidence, and therefore

many refused to accept it.

The other theories were alike errone-

ous, and the result was much confusion
of opinion upon the subject. The real

cause was discovered by Daniel T. Law-
son, of "VVellsville, Ohio. He conceived
the idea, and has fully demonstrated the

fact, that water is an explosive, and that

all steam boiler explosions are caused by
the explosion of superheated water;
that the explosion occurs upon a sudden
reduction of pressure, followed by a sud-
den check to the exploding water, the re-

sult of which is a striking blow far in

excess of the tensile strength of boilers.

The Lawson theory, briefly stated, is

this :

The only explosive material about a

steam boiler is water, and water, when
superheated, which can be done only un-

Vol. XXXI.—No. 5—25

der pressure, will explode upon a sudden
removal of that pressure, with a force

quite equal to that of dynamite.
The boiling-pom t of water varies with

pressure. In a vacuum, water boils at
70° sensible heat. Under atmospheric
pressure it boils at 212°, and cannot be
made hotter unless confined under ad-

ditional pressure, because the escaping
steam carries off the heat as fast as fire

can impart it. In a steam boiler under
10 lbs. pressure it boils at 241° : 50 lbs.,

300° ; 100 lbs., 340° ; 200 lbs., 389°.

Water when heated to the boiling

point requires 966° additional heat to

change it from the state of water to the
state of steam. This change is substan-

tially instantaneous at all pressures. As
each molecule of water absorbs the last

of the 966° it instantly explodes into

steam. As the last degree is absorbed
cohesion is overcome and repulsion be-

comes the predominant power.
The change of steam to water is also

instantaneous. Steam remains in its new
state only so long as it retains the 966°

of latent heat, and the moment it is at

full volume, with only 212° of sensible

heat, parts with one of these degrees of

latent heat, it returns to water.

The explosion of water is similar to

that of gunpowder, in some respects, but
different in others. Each grain of gun-
powder passing from the solid to the gas-
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eous state explodes when it has absorbed

a certain degree of heat. So with water.

Each molecule of water, at the instant it

has absorbed 966° of heat above the boil-

ing point, explodes and passes from

water into steam. The expansive quality

of the two is different, powder increasing

in bulk 800 times, while water increases

1,720 times. The mode of exploding

and the general result, large and sudden

increase of bulk, are similar. In other

respects they differ widely ; the explosion

of powder is by chemical action, the ex-

plosion of water is by physical change only.

"Water differs widely from powder and

all other explosives in another remark-

able particular. Only a portion of the

water may explode—one molecule, the

half, or the whole mass. These various

amounts in exploding produce results

ranging from violent explosions to mild

ruptures and the safe operation of the

boiler.

When a grain of powder starts to go
from the solid to the gaseous state no
power can stop it. It may be confined,

but combustion, once begun, goes on to

completion. So with a molecule of

water. It may be put under such press-

ure that it will not fully expand, but,

once begun, it changes its state from
water to steam.

The true source of the development of

the great destructive j)Ower in a steam

boiler is the sudden concentration of the

sensible heat in the water above 212° (or

above 70°, in case of a vacuum caused by
the condensation of steam) into a part of

the molecules of water passing into them
the 966° necessary to change them
from the state of water to the state of

steam.

That the stored heat in a boiler concen-

trates to form steam is shown by familiar

experiments.

As, for instance, causing water at

less than 212° to boil by placing it

in a vacuum ; or, by merely condensing
the steam overheated water in a bottle.

Again, take a steam boiler under press-

ure of 100 lbs., and a corresponding

temperature of 340°. Remove the fire
j

and the formation of steam will cease.

After a short time raise the safety valve,

and the water will begin to boil and gen-

erate and give off steam continuously as

the pressure is reduced, until a tempera-
ture of 212° is reached, and enough

steam will be thus generated and blown
off to fill the boiler very many times.

These tests show that the boiling point
of water is lowered by simply diminish-
ing the pressure. They show this, and
also show the true theory of boiler ex-

plosions. They prove in the most con-
clusive manner that the sensible heat
above 70° stored in the water concen-
trates in a part of the molecules of water,

giving to them the 966° necessary to

change them into steam. The water
ceases to boil, no heat is applied, and by
merely reducing the pressure the water
again boils. The 966° above the boiling

point necessary to cause ebullition are
not absorbed from the fire at the instant

the water begins to boil the second
time. They are already stored up in the
water.

Take a boiler containing 10.000 lbs. of

water at a pressure of 200 lbs. and a cor-

responding temperature of 389°. Sud-
denly reduce the pressure to 50 lbs. per
square inch, -under which pressure water
explodes at 300°. There are stored in

each of the 10,000 lbs. of water 80° of

sensible heat above the exploding point
—m the aggregate 800,000 thermal units,

enough to convert 921 lbs. of this super-
heated water into steam. In an instant

these 89° of sensible heat in each pound
of water are absorbed by the molecules
of water at the surface and for a con-
siderable depth, and suddenly these 921
lbs. of superheated water explode into

steam.

Thus, it will be seen that there is suf-

ficient destructive power stored in the
boiler when thus put in action to cause
an explosion. If the reduction of press-

ure caused by the withdrawal of steam
be moderate, and such draught be con-

tinuous and uniform, there will be no
danger ; but if the draught is consider-

able in quantity and instantly checked,

the nascent steam thus suddenly formed
and thus suddenly checked will give an
impact or striking Movj upon the shell

of the boiler, the aggregate force of

which is equal to the weight of the water
before it passed into nascent steam mul-
tiplied by the square of the velocity with
which it strikes.

The instantaneous check to the explod-

ing water acts upon the boiler with the

same effect as that produced by quickly

closing the valve of a watermain. Jn the
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one case it is the weight of the falling

water, and in the other it is the force of

exploding water, but the striking effect

of the blows is the same, and is meas-
ured by the same rule.

Take a boiler 48 inches in diameter,

19 feet long, and place in it 10,000 lbs.

of water. Then raise the temperature

to 400°, and the corresponding pressure

will be about 235 lbs . About ohr Par^
of the water, or 50 lbs., passes into

steam, occupying the balance of the space

of the boiler, about 86 cubic feet. The
temperature is 188° above 212°. The
amount of sensible heat, above 212°,

stored in the remaining 9,950 lbs. of

water is 1,870,600 thermal units, equiva-

lent in mechanical energy to 1,444,103,-

200 foot-pounds. Suddenly reduce the

pressure from 235 lbs. to normal. At 235
lbs. it required 400° to evaporate water,

at normal pressure only 212°—a differ-

ence of 188°. There are stored in the

boiler 1,870,600 units of sensible heat

above 212°, enough to convert about
1,936 lbs. of the remaining water into

steam, which would occupy, under 235
lbs pressure, about 3,000 cubic feet of

space. Rating the velocity of the nas-

cent steam at one-half the velocity of full

steam discharged into the air (1967-^-2),

would give a striking force of over 23,000
lbs. per square inch upon the shell of the
boiler.

Again, start with a pressure of 25 lbs.

(at which the Westfield exploded in New
York City, in 1871), and a corresponding
temperature of 269°, and only 57° above
212°, and the amount of sensible heat
stored above 212° would be 567,150 ther-

mal units. Reduce the pressure to 0, cor-

responding to 70°, and the 9,950 lbs. of

water would contain 1,980,050 thermal
units, sufficient to convert 2,049 lbs. of

water into steam. Rating the weight of

the water and the velocity of the nascent
steam as in the last case, this would give

a striking blow of over 24,000 lbs. per
square inch.

Take a boiler half full of water, under
a pressure of 200 lbs. and at 389°, and
suddenly inject into the steam space a

quantity of cold water. Condensation
is instantaneous. Instantly the super-

heated water at 389° is in a vacuum
where it will explode at 70°. Under
these circumstances a large portion of

the water will explode into steam, and,

whether one-quarter, one-half, or the

whole, the striking force will be sufficient

to tear into shreds any boiler ever made.
If the withdrawal of steam is slight,

even if followed by a sudden check, no
damage ensues with boilers of the usual

tensile strength ; but if the withdrawal
be considerable and the check instantan-

eous, an explosion follows. With the va-

rying degrees of draught and sudden
check come violent explosions and mere
rupture.

The distinction between rupturing and
exploding is generally overlooked. "When
a boiler gives way at a weak point, re-

sulting in damage, it is often called an
explosion. When ruptured by mere
pi'essure, the force exerted upon the

shell being gradual and uniform, the

weak point yields while the balance re-

mains intact. Serious damage may re-

sult, but a uniform and unobstructed
flow of steam never produces the phe-
nomenon properly called an "explosion."

With an explosion the actual destruc-

tive force exerted is not measured by the

tensile strength of the boiler nor by the

regular pressure of the steam. The force is

far in excess of either—five, ten, and often

twenty times as great, an immense ag-

gregate concussive and destructive force

that tears asunder the weak and the

strong parts at the same instant and
demolishes everything within a large ra-

dius.

All writers on steam boiler explosions,

in trying to account for their violence,

have made the mistake of commencing
the calculation at a point of time after

the rupture has commenced. The fact is,

there is violent internal action at the in-

stant preceding the actual rupture of the

boiler, and the rupture is the result of

such action Rupture may be caused by
the mere pressure of steam, but it is

usually caused by an internal concussive

force. It is certainly illogical to say that

boilers are ruptured or burst by mere
pressure while working with a pressure

of only one-fifth then- actual tensile

strength.

The rational solution of a steam boiler

explosion is this

:

The water in the boiler under press-

ure is superheated, and possesses a high-

ly expansive power. Upon a sudden re-

moval of the pressure, without a corre-

sponding reduction of the temperature,
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it starts into violent evaporation. This

mass of nascent steam is checked by
coming in contact with the solid and un-

yielding shell of the boiler. The result

is that the aggregate force of this nas-

cent steam strikes every square inch of

the shell of the boiler at the same in-

stant and with the same force, and with

a power far in excess of the tensile

strength of the boiler ; and, more-
over, this force is augmented at the

instant the shell gives way by an im-

mense reserve power caused by the fur-

ther evaporation of the water in the boiler.

This theory is in unison with natural

laws, and upon it every explosion, burst-

ing or rupture of steam boilers can be
fully explained, and cannot be upon any
other.

Remedy.
Mr. Lawson, having discovered the

cause, naturally turned toward the reme-
dy, which is a simple one, and consists

in the construction of a boiler with a

partition plate, or diaphragm, dividing it

into two compartments, the lower con-
taining the water, and the upper contain-

ing steam only. The steam passes from
the lower to the upper compartment
through numerous small perforations

and a number of small valves in the dia-

phragm. The aggregate openings of the
valves and perforations should be less

than the valve through which the engine
is supplied. By this means the press-

ure upon the surface of the super-
heated water is kept approximately uni-

form, and all sudden explosions of any
dangerous quantity of water into steam
and consequent striking blows are
avoided.

The diaphragm extends the length
and width of the boiler, and is firmly
riveted to the sides and ends thereof, as
shown by figures 1 & 2. It may be cir-

cular or flat, and so located as to cut
off about two-thirds of the usual steam
space.

The perforations and valves vary with
boilers "of different size. The aggregate
area of all the perforations and valve
orifices should be about ten per cent, less

than the area of the steam port. In or-

dinary-sized boilers there should be one
perforation of one-quarter of an inch in

diameter to each horse-power, rating
ten square feet of heating surface to the
horse-power, and such number of valve

orifices of about two inches iu diameter
as to make up the balance of the aggre-
gate area.

This lessening of the aggregate area

ten per cent, below that of the steam
port will give a very slight diminu-
tion of pressure in the engine with steam
working at full stroke, but will practi-

cally give full pressure at every other
point of cut-off.

There must be two steam gauges used,

one connected with the water space be-

low, and one with the steam space above,

the diaphragm.
When the boiler is set and ready for

use such small valves should be closed.
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As the steam is generated and the en-

gine put in operation at its full capacity,

any additional steam required is ob-

tained by gradually and partially open-
ing such valves until the required amount
is liberated and ascertained, when such
valves are set, and need but little fur-

ther attention. In thus arranging such
valves particular attention should be
paid to the steam gauges. The valves

should be opened only to that extent at

which the pressure upon the superheated
water in the lower compartment, as

shown by the gauges, remains approxi-

mately uniform with that in the upper,
with the engine in full operation.

Thus arranged, any unusual and sud-

den withdrawal of steam from the up-
per chamber is attended with no possible

danger.

END VIEW

Boilers thus constructed and arranged
are protected against explosions, whether
the water wholly or partially fills the

water compartment. If wholly filled a
sudden reduction of pressure in the

steam compartment can instantly affect

only the surface of the water to the ex-

tent of the aggregate area of the perfor-

ations and valve orifices, and no danger-
ous quantity of water can be thus ex-

ploded. As the pressure upon the water
below the diaphragm is thus slightly re-

duced, small portions of the water pass
into steam and maintain uniformity of

pressure.

If the water should get low, thus ac-

cumulating an unusual quantity of steam
below the diaphragm, there can be no
danger of an explosion. The discharge

of steam from the ordinaxy boiler into

the empty pipes and cylinder upon the
sudden opening of the valves, is at a ve-

locity of over 100,000 feet per minute,
and for an instant there is a great re-

duction of pressure upon the surface of

the superheated water. This cannot oc-

cur with the Lawson diaphragm in a
boiler. With it the passage of steam
from the water compartment below the
diaphragm to the steam space above it

is limited to that quantity used by the

engine with the piston moving at the
rate of, say, 600 feet per minute, and
cannot exceed this precise amount to

any great extent, although the steam may,
from some unusual cause, be temporarily
rushing from the steam space above the
diaphragm fifty times as fast. The dia-

IFic

END VIEW

phragm limits the quantity of steam dis-

charged from the water compartment to

the exact amount necessary to drive the

engine in full operation, and the libera-

tion of this amount at such uniform
rate can be attended with no possible

danger.

The Lawson diaphragm is to the steam
boiler what the air chamber is to the hy-

draulic ram. It performs a similar, but
much more important, function. The
elasticity of the air moderates the other-

wise solid blows of water upon the

pipes ; the diaphragm preserves uni-

formity of pressure upon the water, and
thus prevents its explosion and the

consequent violent and irresistible con-

cussive blows upon the shell of theboiler.
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Explosions are thus prevented, not by
extra strong boilers, but by preventing
the occurrence of the cause. Boilers

thus constructed can be safely operated
at a pressure closely apjoroaching their

actual tensile strength.

The invention is applicable to every
style of boiler, and can be readily ap-

plied, internally or externally to new or
old boilers.

Figs. 1 to 7 fully illustrate the inven-

tion. Figs. 1 and 2 show an internal,

and Figs. 3 to 7 an extei-nal application.

Fig. 3, moderate pressure ; Figs. 1, 2 and
5, high pressure, and Figs. 6 and 7, very
high pressure.

Up to June, 1881, no person had
ever intentionally exploded a boiler in

accordance with any certain theory or

plan, or with a knowledge of the true

cause.

Fig. 4;.

On the 16th of that month Mr. Law-
son, at Munhall, near Pittsburgh, Pa.,
publicly tested his theory, and exploded
a boiler of the ordinary style having a
tensile strength of 768 lbs., at a pressure
of but 290 lbs., being 478 lbs. less than
the actual strength of the iron.

The experiment was made by sud-
denly discharging a considerable quan-
tity of steam at 290 lbs. from the boiler
into a closed cylinder, the explosion oc-
curring the instant the cylinder was filled.

In March, 1882, he made further experi-
ments at the same place under the inspec-
tion of a commission of U. S. engineers,
appointed by the Secretary of the Treas-
ury, and fully tested a boiler with his in-
vention attached.

The boiler having the Lawson dia-
phragm, and being 30 inches in diam-
eter, with only 18 inches of water, run-

ning down to 11 inches, 4 inches below
the fire line, stood every test of rapid
escape and sudden check of steam up to
a pressure of 300 lbs., without the slight-

est injury. The same boiler, with the
center of the diaphragm removed, re-

ducing it to the ordinary-style boiler,

with 22 inches of water, 7 inches above
the fire line, was exploded at a pressure
of only 235 lbs., 65 lbs. less than the
boiler had withstood with Lawson's de-
vice, under precisely the same circum-
stances, except as to the quantity of
water.

END VIEW

High Pressure.

This discovery and invention remove
all obstacles to the use of high pressure.
With iinnranity against explosion,

higher pressure is safely secured, and
with it greater joower and economy at-

tained.

The invention has other advantages of
great importance.

Dry Steam.
It produces dry steam, and prevents

"foaming," "priming," or " entrainment."
The cause of these evils is that a large

quantity of steam taken suddenly from a
boiler at one point greatly reduces the
pressure upon the water immediately un-
der the point of exit, while the full pressure
of the steam remains upon the surface of
the water at every other point, and there-
suit is that portions of the water are con-
stantly forced out with the steam into
the cylinder.
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At each half stroke of the piston the

sudden withdrawal of the steam from the

boiler aP one point in large quantities,

while in direct contact with the surface

of the water, decreases the pressure upon
the water nearest the point of exit, caus-

ing it to rise up in the shape of a cone,

while at all other points it is depressed

below its former level, and by the sud-

den withdrawal of the steam in this

manner, the pressure upon the water is

at every half stroke of the piston re-

duced below the boiling point of the pre-

vious instant. The successive half strokes

of the piston are followed by the cut-off

of steam, which changes the pressure

upon the water. This gives to the water

a continual churning motion, the cone-

ner. 6

END VIEW

shaped column of water rising at each
half stroke and falling at each cut-off of

steam, the balance of the water rising and
falling correspondingly. This commo-
tion is greatly increased by the press-

ure being changed at rapid intervals be-

low the boiling-point of the water of the
previous instant, thus causing the water
to start into violent ebullition.

With the diaphragm, the steam passes
from the lower compartment to the up-
per, not at one point, but in small quan-
tities at many points ; and the steam
used being taken from the upper com-
partment, all the concussive force and in-

termittent pressure and motion are ar-

rested and confined to the upper com-
partment, and the result is that the
pressure upon the surface of the water is

uniform / there is no rising and fallin g
of cone-shaped columns of water, no ir-

regular pressure, no chum-like motion
to the water, no irregular and violent

ebullition.

Inceustation.

With boilers thus constructed, incrus-

tation is wholly prevented. All foreign

solid substances held in suspension or

solution are separated from the water

and deposited upon the diaphragm,
where they do not interfere with the

generation of steam and whence they can
be readily removed.

This results from natural laws. All

matter free to move occupies positions

according to its specific gravity. Water
in motion has the power of moving solids

END VIEW

many times its own weight. Air, in

only moderate motion piles up hills of

sand, a substance two thousand times its

own weight. Compressed steam has
much greater power than air. The water
and steam in a boiler have a rapid up-
ward motion. Again, if the motion of

the carrying substance is checked, the
foreign matter it is carrying, if of a

greater specific gravity, is dropped.

In the operation of a boiler with this

device the greatest velocity of the steam
is when it passes through the small ori-

fices in the diaphragm, and the check
comes when it is discharged into the up-

per compartment, and as the motion of

the steam is checked it drops the sedi-

ment. Another law is that all sediment

settles where there is the least motion.
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There is still another operation con-

stantly going on in this chamber which
greatly aids in thus depositing the sedi-

ment. It is this, the steam is drawn from

this chamber for use. At each cut-off of

the supply of steam to the engine there

is a slight intermittent motion to the

steam in this chamber. At each cut-off

there is a decrease in the specific gravity

of the steam, resulting from the change

of pressiue, and this decrease of gravity

and intermittent motion all tend to de-

posit the sediment. This boiler, there-

fore, with no other contrivance, thus
forces the solid foreign substances in the

water into the upper chamber before they
have any chance to fasten themselves to

the shell of the boiler.

Thus, the mystery of boiler explosions

having been solved, and a perfect pre-

ventive devised, accompanied by the at-

tainment of dry steam, absence of in-

crustation, and safety with high pressure,

are we not upon the threshold of a new
era in the use of steam ?

THE TEMPERATURE OF THE SOLAR SURFACE.
By J. ERICSSON.

From "Nature."

The power developed by the sun motor
recorded in Nature, vol. xxix. p. 217, has

established relations between diffusion

and energy of solar radiation which
prove that the temperature of the surface

of the sun is extremely high. I have,

therefore, during the summer solstice of

1884, carried out an experimental investi-

gation for the purpose of demonstrating
the temperature of the solar surface cor-

responding with the temperature trans-

mitted to the sun motor. Referring to

the illustrations previously published, it

will be seen that the cylindrical heater of

the sun motor, constructed solely for the

purpose of generating steam or expand-
ing air, is not well adapted for an exact

determination of the amount of surface

exposed to the action of the reflected

solar rays. It will be perceived on in-

spection that only part of the bottom of

the cylindrical heater of the motor is

acted upon by the reflected rays, and that

their density diminishes gradually to-

wards the sides of the vessel ; also that

owing to the imperfections of the surface

of the reflecting plates the exact course
of the terminal rays cannot be defined.

Consequently, the most important point
in the investigation, namely, the area

acted upon by the reflected radiant heat,

cannot be accurately determined. I have
accordingly constructed an instrument of

large dimensions, a polygonal reflector

(see Fig. 1), composed of a series of in-

clined mirrors, and provided with a

central heater of conical form, acted

upon by the reflected radiation in such a
manner that each point of its surface re-

ceives an equal amount of radiant heat
in a given time. The said reflector is

contained within two regular polygonal
planes twelve inches apart, each having
ninety-six sides, the perimeter of the
upper plane corresponding with a circle

of eight feet diameter, that of the lower
plane being six feet. The corresponding
sides of these planes are connected by
flat, taper mirrors composed of thin glass

silvered on the outside. When the re-

flector faces the sun at right angles, each
mirror intercepts a pencil of rays of 32.61

square inches section, hence the entire

reflecting surface receives the radiant

heat of an annular sunbeam of 32.61 X
96=3130 square inches section. It should
be observed that the area thus stated is

0.011 less than the total foreshortened

superficies of the ninety-six mirrors if

sufficiently wide to come in perfect con-

tact at the vertices. Fig. 2 represents a
transverse section of the instrument as it

appears when facing the sun ; the direct

and reflected rays being indicated by
dotted lines. The reflector and conical

heater are sustained by a flat hub and eight

radial spokes bent upwards towards the

ends at an angle of 45°. The hub and
spokes are supported by a vertical pivot,

by means of which the operator is en-

abled to follow the diurnal motion of the

sun, while a horizontal axle, secured to

the upper end of the pivot, and held by
appropriate bearings under the hub, en-
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ables him to regulate the inclination to

correspond with the altitude of the lumi-

nary. The heater is composed of rolled

plate iron 0.017 inch thick, and provided
with head and bottom formed of non-

conducting materials. By means of a

screw-plug passing through tbe bottom

and entering the face of the hub the
heater may be applied and removed in

the course of five minutes, an important
fact, as will be seen hereafter. It is

scarcely necessary to state that the pro-

portion of the ends of the conical heater
should correspond with the perimeters of

the reflector, hence the diameter of the

upper end, at the intersection of the
polygonal plane, should be to that of the

lower end as 8 to 6, in order that every

part may be acted upon by reflected rays

of equal density. This condition being
fulfilled, the temperature communicated
will be perfectly uniform. A short tube
passes through the upper head of the
heater, through which a thermometer is

inserted for measuring the internal tem-

perature. The stem being somewhat
less than the bore of the tube, a small

opening is formed by which the necessary

equilibrium of pressure will be estab-

lished with the external atmosphere. It

should be mentioned that the indications

of the thermometer during the experi-

ment have been remarkably prompt, the
bulb being subjected to the joint influ-

ence of radiation and convection.

The foregoing particulars, it will be
found, furnish all necessary data for

determining with absolute precision

the diffusion of rays acting on the cen-

tral vessel of the solar pyrometer. But
the determination of temperature which
uninterrupted solar radiation is capable
of transmitting to the polygonal reflector

calls for a correct knowledge of atmos-
pheric absorption: Besides, an accurate
estimate of the loss of radiant heat at-

tending the reflection of the rays by the

mirrors is indispensable. Let us con-

sider these points separately.

Atmospheric Absorption.—The princi-

pal object of conducting the investigation

during the summer solstice has been the

facilities afforded for determining atmos-
pheric absorption, the sun's zenith dis-

tance at noon being only 17° 12' at New
York. The retardation of the sun's rays

in passing through a clear atmosphere
obviously depends on the depth pene-
trated ; hence—neglecting the curvature
of the atmospheric limit—the retardation

will be as the secants of the zenith dis-

tances. Accordingly, an observation of

the temperature produced by solar radia-

tion at a zenith distance whose secant is

twice that of the secant of 17° 12', viz.,

61° 28', determines the minimum atmos-
pheric absorption at New York. The re-

sult of observations conducted during a
series of years shows that the maximum
solar intensity at 17° 12' reaches 66;2

C
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F., while at a zenith distance of 61° 28'

it is 52.5° F. ; hence, minimum atmos-

pheric absorption at New York, during

the summer solstice, is 66,2°— 52.5°=

13.7° R, or *-g= :0.207 of the sun's ra-

diant energy where the rays enter the

terrestrial atmosphere.
In order to determine the loss of energy-

attending the reflection of the rays by the

diagonal mirrors, I have constructed a

special apparatus, which by means of a

parallactic mechanism faces the sun at

right angles during observations. It

consists principally of two small mirrors,

manufactured of the same materials as

the reflector, placed diagonally at right

angles to each other ; a thermometer be-

ing applied between the two whose stem
points towards the sun. The direct

solar rays entering through perforations

of an appropriate shade, and reflected by
the inclined mirrors, act simultaneously
on opposite sides of the bulb. The mean
result of repeated trials, all differing but
slightly, show that the energy of the di-

rect solar rays acting on the polygonal
reflector is reduced 0.235 before reaching

the heater.

In accordance with the previous article,

the investigation has been based on the

assumption that, the temperatures pro-
duced by radiant heat at given distances

from its source are inversely as the dif-

fusion of the rays at those distances, In
other toords, the temperature produced by
solar radiation is as the density of the

rays.

It will be remembered that Sir Isaac
Newton, in estimating the temperature
to which the comet of 1680 was subjected
when nearest to the sun, based his cal-

culations on the result of his practical

observations that the maximum tempera-
ture produced by solar radiation was
one-third of that of boiling water.

Modern research shows that the observer
of 1680 underrated solar intensity only
5° for the latitude of London. The dis-

tance of the comet from the center of

the sun being to the distance of the earth
from the same as 6 to 1000, the author
of the " Principia " asserted that the
density of the rays was as 10002

to 6
2=

28,000 to 1 ; hence the comet was sub-
180°

jected to a temperature of 28,000 X -^—

= 1,680,000°, an intensity exactly "2,000

times greater than that of red-hot iron "

at a temperature of 810°. The distance

of the comet from the solar surface be-
ing equal to one-third of the sun's ra-

dius, it will be seen that, in accordance
with the Newtonian doctrine, the
temperature to which it was sub-
jected indicated a solar intensity of

4'X1680,000
=2|98(

,
000

„ F
o

The writer has established the correct-

ness of the assumption that " the tem-
perature is as the density of the rays,'' by
showing practically that the diminution
of solar temperature (for corresponding
zenith distances) when the earth is in

aphelion corresponds with the increased
diffusion of the rays consequent on in-

creased distance from the sun. This
practical demonstration, however, has
been questioned on the insufficient

ground that " the eccentricity of the

earth's orbit is too small and the tem-
perature produced by solar radiation too
low " to furnish a safe basis for computa-
tions of solar temperature.

In order to meet the objection that

the diffusion of the rays in aphelion do
not differ sufficiently, the solar pyrom-
eter has been so arranged that the dens-
ity, i. e., the diffusion of the reflected

rays, can be changed from a ratio of 1 in

5,040, to that of 1 in 10,241. This has
been effected by employing heaters re-

spectively 10 inches and 20 inches in di-

ameter. With reference to the " low

"

solar temperature pointed out, it will be
perceived that the adopted expedient of

increasing tbe density of the rays with-

out raising the temperature by converg-
ing radiation, removes the objection

urged.

Agreeably to the dimensions already

specified, the area of the 10-inch heater

acted upon by the reflected solar rays is

331.65 square inches, the area of the 20-

inch heater being 673.9 square inches.

The section of the annular sunbeam
whose direct rays act upon the polygonal
reflector is 3,130 square inches, as before

stated.

Regarding the diffusion of the solar

rays during the investigation, the follow-

ing demonstration will be readily under-

stood. The area of a sphere whose ra-

dius is equal to the earth's distance from
the sun in aphelion being to the sun's

area as 218.1
2
to 1, while the reflector of
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the solar pyrometer intercepts a sunbeam
of 3,130 square inches section, it follows

that the reflector will receive the radiant
q -I on

heat developed by ' =0.0658 square

inch of the solar surface. Hence, as the
10-inch heater presents an area of 331.65
square inches, we establish the fact that

the reflected solar rays, acting on the
same, are diffused in the ratio of 331.65

to 0.0658, or —~ = 5,010 to 1 ; the
0.0658

diffusion of the rays acting on the 20-

inch heater being as 673.9 to 0.0658, or

o1l= 10
-
241 to L

The atmospheric conditions having
proved unfavorable during the investiga-

tion, maximum solar temperature was
not recorded. Accordingly, the heaters

of the solar pyrometer did not reach
maximum temperature, the highest indi-

cation by the thermometer of the small

heater being 336°. 5, that of the large one
being 200°. 5 above the surrounding air.

No compensation will, however, be intro-

duced on account of deficient solar heat,

the intention being to base the computa-
tion of solar temperature solely on the
result of observations conducted at New
York during the summer solstice of 1884.

It will be noticed that the temperature of

the large heater is proportionally higher
than that of the small heater, a fact

showing that the latter, owing to its

higher temperature, loses more heat by
radiation and convection than the former.
Besides, the rate of cooling of heated
bodies increases more rapidly than the
augmentation of temperature.

The loss occasioned by the imperfect
reflection of the mirrors, as before stated,

is 0.235 of the energy transmitted by the
direct solar rays acting on the polygonal
reflector, hence the temperature which
the solar'rays are capable of imparting to

the large heater will be 200.5° x 1.235=
247.617° ; but the energy of the solar

rays acting on the reflector is reduced
0.207 by atmospheric absorption, conse-

quently the ultimate temperature which
the sun's radiant energy is capable of

imparting to the heater is 1.207 X
247.617°= 298.87° F. It is hardly neces-

sary to observe that this temperature
(developed by solar radiation diffused

fully ten-thousandfold) must be regarded

as an actual temperature, since a per-

fectly transparent atmosphere, and a re-

flector capable of transmitting the whole
energy of the sun's rays to the heater,

would produce the same.
The result of the experimental investi-

gation carried out during the summer
solstice of 1884 may be thus briefly

stated. The diffusion of the solar rays
acting on the 20-inch heater being in the
ratio of 1 to 10,241, the temperature of

the solar surface cannot be less than
298.87° X 10,241 = 3,060,727° F. This
underrated computation must be accepted
unless it can be shown that the tempera-
ture produced by radiant heat is not in-

versely as the diffusion of the rays.

Physicists who question the existence of

such high solar temperature should bear
in mind that in consequence of the great

attraction of the solar mass, hydrogen
on the sun's surface raised to a tempera-
ture of 4,000° C, will be nearly twice as

heavy as hydrogen on the surface of the

earth at ordinary atmospheric tempera-

tures ; and that, owing to the immense
depth of the solar atmosphere, its dens-

ity would be so enormous at the stated

low temperature that the observed rapid

movements within the solar envelope
could not possibly take place. It scarcely

needs demonstration to prove that ex-

treme tenuity can alone account for the

exti'aordinary velocities recorded by ob-

servers of solar phenomena. But ex-

treme tenuity is incompatible with low
temperature and the pressure produced
by an atmospheric column probably ex-

ceeding 50,000 miles in height subjected

to the sun's powerful attraction, dimin-

ished only one-fourth at the stated eleva-

tion. These facts warrant the conclu-

sion that the high temperature established

by our investigation is requisite to pre-

vent undue density of the solar atmos-
phere.

It iis not intended at present to discuss

the necessity of tenuity with reference to

the functions of the sun as a radiator

;

yet it will be proper to observe that on
merely dynamical grounds the enormous
density of the solar envelope which
would result from low temperature, pre-

sents an unanswerable objection to the

assumption of Pouillet, Vicaire Sainte-

Claire Deville, and other eminent sav-

ants, that the temperature of the solar

surface does not reach 3,000° C.
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ON THE MECHANICAL EXAMINATION AND TESTING OF
PORTLAND CEMENT.

By HENRY FAIJA, Assoc. M. Inst. C. E.

From Selected Papers of the Institution of Civil Engineers.

It may be assumed that the object of

testing cement is to ascertain its value

for constructive purposes, and it is the

aim of the author to examine the tests

to which cement is generally subjected,

and to see how far they attain their ob-

ject.

The requirements of any test or com-
bination of tests are, that the conclusion

shall be absolute, and that the time occu-

pied in arriving at that conclusion shall

be as short as possible; and further, as

all opinions formed by the examination
of a cement must be based on the results

of previous examinations and tests, it is

evidently of importance that a uniform
means of testing should be adopted, so

that users and manufacturers may be
able to compare their own tests with
those by other people. At present the

tests made by one person are of little use
to anyone else, owing to differences of

manipulation and detail.

The. ordinary practice is to find the
value of a cement by making it into

briquettes and ascertaining their tensile

strength when seven days old, as well as

by its fineness, weight, and color ; from
the results obtained and their relative

bearing to each other, a correct opinion is

presumably arrived at.

Mr. Mann lately presented to the Insti-

tution the results of some experiments
on the adhesion of cement to different

materials, and by this means ascertained

its value for constructive purposes. Nor
must it be forgotten that Mr. Grant has
introduced the sand test into this country
from Germany, which is another test for

adhesion ; for although the briquettes

made of cement and sand are tested for

tensile strength, it is the adhesion be-

tween the sand and the cement which
gives the briquette its tensile strength.

Whether either of these enables a more
definite conclusion to be arrived at than
the ordinary method, the author does not
venture to offer an opinion. He thinks,

however, that neither of them is likely to

supersede the generally accepted require-

ments of a test, and that therefore they
are detrimental to the interests of uni-

form testing.

The author in this paper first considers
the details of manipulation and other
matters affecting the results obtained in

a cement test, and afterwards the prop-
erties which a good cement should show
in each detail.

In testing cement for tensile strength
several points materially affect the result

;

namely, the percentage of water used in

gauging. The skill of the manipulator,
which practically means the time occu-

pied in reducing the cement to a proper
consistency, and the dexterity in filling

the moulds, so that a sound briquette
free from air bubbles may be obtained
with the minimum of water in the mini-

mum of time. The form and construc-
tion of the mould in which to form the
briquette. The careful removal of the
briquette from the mould and its subse-
quent handling. The time which elapses

between the formation of the briquette
and placing it in water. And the man-
ner and speed at which the weight is put
on the briquette when being tested.

It may be assumed that, as far as the
tensile strength is concerned, a better re-

sult than can possibly be secured in prac-

tice should be obtained in the testing

room; but it is of greater importance
that a uniform result should be obtained
by all persons engaged in testing cement,
and that a uniform procedure should be
adopted, than that the acme of perfection

should be attained. The skill of the op-
erator having a great deal to do with the
result, it is necessary to reduce the oper-

ation of gauging the cement to, as nearly

as possible, a purely mechanical process.

This can be accomplished by a gauging
machine devised by the author. It gives

in ordinary hands as good a result as the

most expert operator obtains when gaug-
ing in the usual way with the trowel. By
employing the gauger the cement is
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brought to a proper consistency to be
put into the moulds in considerably less

time ; and by reducing the labor and
wrist work necessary to properly gauge a

cement, the inducement to slovenly man-
ipulation and the use of more water than
is necessary is obviated.

The advantage gained by adding the

minimum of water for gauging has for

sometime been acknowledged, and the re-

sults of experiments by Mr. Grant and
others, and by the author, which have
from time to time been published in the

Proceedings of this and other Institu-

tions, are sufficient to show that such is

the fact. It is impossible to name a fixed

quantity, as hardly any two cements re-

quire the same, and it can only be deter-

mined by making experimental pats previ-

ous to proceeding with the test. The
maximum amount of water may, however,
be fixed at 18 per cent.

That the time occupied in gauging a

sample of cement effects the result ob-

tained is hardly a matter to prove by ex-

periment, it being evident that if cement
is worked after it has commenced to set,

its nature must be altered, and the result

cannot be reliable ; this, though it applies

in a more marked degree to quick-setting

cements, it is true of all.

The form of briquette must materially

affect the result in testing for tensile

strength. The author can only say that

the form brought forward three years ago
by Mr. Grant in a paper before this Insti-

tution, gives undoubtedly the best results,

and he should like to see that form uni-

versally adopted. It is hardly necessary

to add that the moulds should be of met-
al ; resting on glass, metal or other non-
porous bed. If a porous or partially

porous bed is used, an excess of water in

gauging is quickly withdrawn from the

briquette, and the setting being thus ac-

celerated, a better result is shown at short

dates, though eventually there would
probably be no difference. But inasmuch
as a test of cement for practical purposes
never exceeds twenty-eight days, and is

generally confined to seven, a misleading
result is obtained if this detail be not at-

tended to.

The next item of importance is the time
allowed to elapse between the gauging
of the cement and placing the briquette

in water. Experiments prove that the

greatest tensile strength is obtained when

the briquette is put in water directly it

is set. "With quick- setting cements this

may be in an hour or two after gauging,
and with slow-setting cements it may be
extended to ten, fourteen, or twenty
hours. The danger, however, is, that if

this practice be adopted, in unskillful

hands the briquette may be put in water
a little to soon, when the cement would
be acted upon detrimentally. It is there-

fore advisable that a given number of

hours should be determined upon, and
this by practice has been fixed at twenty-
four hours.

In testing all other materials the rate

of speed at which the weight or strain is

applied is considered, but it seems to have
been persistently ignored when testing

cement. Its importance, however, must
be as great with one material as with an-

other. Mr. W. Matthews, M. Inst. C.E.,

and Mr. P. Adie, Assoc. Inst. C.E., have
devised an automatic arrangement for

running the weight along a steelyard, and
it is fixed to most of Mr. Aclie's testing

machines. It ensures the weight being
put on to the briquette at an even and
regular speed, though no special speed
seems to have been adopted. The prin-

ciple on which it works is that of a falling

weight governed by a water-brake. Dr.
Michaelis' machine, in which the weight
is applied by allowing shot to fall into a
pan at the end of a compound lever, as

well as Bailey's machine, in which water
is used instead of shot, might both be
easily arranged to apply the weight at a
standard speed.

Notwithstanding the different results

which it is evident would be obtained
through variation in the speed of apply-
ing the weight, the author is not aware
of any exhaustive experiments having
been made, or any conclusion arrived at

on the subject; he has therefore recorded
the details of an experiment comprising
over six hundred briquettes. The bri-

quettes were broken at five different

speeds, varying from 100 lbs. in one sec-

ond to 100 lbs. in two minutes ; these be-

ing considered the limits which it was
possible to adopt in practice. By taking
the average percentage of difference he
has been enabled to draw a curve, show-
ing the different results to be expected
from applying the weight at different

speeds. Though an experiment compris-
ing only six hundred examples cannot
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perhaps be considered conclusive, yet it

enables a fairly good average to be ob-

tained, especially as several different

cements were used throughout the experi-

ment. Although in each series the same
cement was used, the gauging was all

done at one time, and in exactly the same
manner, by the same man.
The results were as follow

:

Increase per cent, between 100 lbs.

in 1 min. and 100 lbs. in 2 mins., 3.960

Increase per cent, between 100 lbs.

in 30 sees, and 100 lbs. in 1 min., 3.528

Increase per cent, between 100 lbs.

in 15 sees, and 100 lbs. in 30 sees., 4.028

Increase per cent, between 100 lbs.

in 1 sec. and 100 lbs. in 15 sees., 10.726

Total per cent, between 100 lbs.

in 2 mins. and 100 lbs. in 1 sec, 23.142

The great difference shown by this ex-

periment must impress every user and
manufacturer of cement with the import-

ance of adopting a standard speed at

which the weight is to be applied; and it

seems that the most convenient would be
either the 100 lbs. in fifteen seconds,

which the author uses in his testing room,
or a little slower, but certainly not slower

than 100 lbs. in thirty seconds, on account

of the length of time which a test would
occupy.

The author is of opinion that by adopt-

ing the before-mentioned or similar means
and appliances for gauging the cement
and priming the briquettes, the results

obtained by different experimenters would
approach more nearly to each other, a

better estimation of the value of a cement
would be possible, and a comparison
would be more easily and more definitely

decided.

The determination of the fineness of a

cement can of necessity only be carried

out in one manner, and is not subject to

error. The weight per striked bushel,

however, is open to considerable argu-

ment. The manner in which the measure
is filled is of necessity all-important, it

being assumed that the cement is to be
put into the measure as lightly as possi-

ble.

A.s an alternative test or in conjunction

with the foregoing, the specific gravity of

a cement may be ascertained, with this

advantage, that while the weight per
bushel varies with the fineness to which
the cement is ground, the specific gravity

is of necessity constant.

The usual method of determining
whether or not a cement will blow, is by
making a few small pats and placing them
in water as soon as they are set, which may
be in one hour or two or more hours, accord-

ing to whether the cement is quick or slow-

setting, and by examining them daily to

see if they develop cracks or otherwise

alter in form. That the inference drawn
from the result thus obtained is a true

one, is extremely doubtful ; and the au-

thor has thefore adopted another method
to determine what, in his opinion, is the

most dangerous property that a cement
can possess.

Some years ago the author made nu-

merous experiments with the view of ac-

celerating the setting or hardening of

cement and concrete, which resulted in

his taking out a patent for that purpose.

The process is only referred to because

out of it has come a little apparatus of

great value in the testing room, which
enables a decided opinion to be formed
within twenty-four hours as to whether
the cement under examination will blow,

or if it is a safe cement to use. The
principle of the author's process for hard-

ening is to subject the concrete immedi-
ately on gauging to a moist heat of about
90° Fahrenheit, and afterwards to keep it

in a warm silicious bath at a temperature
of about 100°. It was found that if- by
accident these temperatures were materi-

ally increased, the concrete sometimes
gave all the appearance of having been
made with a blowy cement. From this it

was opined that a good cement would not

blow at these temperatures, and further

experiments have proved such to be the

case, and also that a cement which does
not stand this treatment is improperly

made and will sooner or later blow. The
author therefore devised an apparatus. It

is a moist heat chamber and bath conbined
in a small space; but the bath is only

water instead of silicious. The mode of

using it is to make a small pat of the

cement under examination on a piece of

glass and immediately to place it into the

moist heat part of the apparatus. When
it is set, which, even in the case of very

slow-setting cements, will be within two
or three hours, it is taken out of the moist

heat chamber and placed in the bath. If

next morning the pat is perfectly sound,

it is decided that the cement will not blow

;

if, on the other hand, it is swollen and
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blown, then the cement is considered un-

fit for use. It would not, however, be
fair to say that because under these con-

ditions the pat was blown, it is an im-

properly made cement, for the blowing
might be due to extreme freshness,

Under these circumstances, therefore,

it is necessary to put a small quantity of

cement on a tray in a thin layer, and to

let it thoroughly cool for two or three

days. If a pat made from this cooled

cement blows when submitted to the in-

fluence of the moist heat and warm bath,

the author would on no account advise

the use of the cement. On the other

hand, if it does not blow, it is pretty

clearly shown that the cement is sound
but too fresh, and that the bulk should
be turned over three or four times and
cooled before use.

The author proposes in the second
portion of the paper to consider the

properties which a good and useful ce-

ment should develop when being tested,

under three divisions ; firstly, those prop-
erties which have already been amply ex-

perimented upon, and which may be con-

sidered as proved and acknowledged

;

secondly, those which may be termed
the problematical, which though inherent
to a good cement may also be found in a

bad one; and thirdly, the absolute
strength and behavior of the cement at

different dates.

Of the first, it may be considered that

both users and manufacturers are cogni-

zant of the importance of a cement being
finely ground, and that, given a certain

cement, the best result is obtained when
it is finely ground. There is, however, a
limit which commercially cannot be ex-

ceeded, except of course at an increased
price, or until other machinery has been
invented for grinding. This limit seems
to be that the cement shall all pass
through a sieve having 900 meshes to the

square inch, and shall not leave more than
10 per cent, residue on a sieve having
2,500 meshes to the square inch. This
degree of fineness is for all practical pur-

poses sufficient ; and if a user thinks he
can obtain a better result by having a

finer ground cement, he should be pre-

pared to pay a higher price for it.

The weight per striked bushel specific

gravity or density of a cement, are in the
highest degree problematical tests. It is

assumed that a heavy cement means one

with a proper quantity of lime in its com-
position and well calcined, and a light ce-

ment the reverse ; but it does not of ne-
cessity follow that such is the case. It is

also possible to have a cement too heavy,
and, as pointed out by the author ten years
ago, and by others since, the weight must
bear a definite relation to the fineness.

Of necessity the finer the cement, the
lighter it will weigh. It is generally
considered that a cement of the fineness

previously specified should weigh from
110 to 114 lbs. per striked bushel, when
the bushel measure is filled in a manner
similar to that adopted by the author.
The specific gravity corresponding to

this weight and fineness is from 3.00 to

3.08.

The color of a cement is almost too
problematical to deserve consideration,

except when examining cements made
from similar materials, as the varying
properties of different raw materials

must of necessity affect the color. But
the author puts very little value on these
problematical tests as a means of assisting

in the determination of the value of a ce-

ment.
The absolute behavior of the cement

when made into briquettes and tested at

different dates, and the careful examina-
tion of its behavior during gauging and
setting, are the best means for determin-
ing its value for constructive purposes.
The determination of what the tensile

strength of a cement should be at certain

dates, is the one point on which all au-

thorities seem to differ, and yet it is the
one test which has been experimented
upon more than all other tests put to-

gether. If, however, all the experiments
which have been published are examined,
it does not seem difficult to arrive at a

just conclusion. The author has made
thousands of tests in this direction ; he
has examined all the tests which have
been published in England, and some of

those from Germany, and the result of

these tests and examinations is, that good
cement, which practically continues to in-

crease in strength for a period over which
it is possible to make a test, has a tensile

strength, when tested in the ordinary
manner, of not more than 300 lbs. or 350
lbs. per square inch at the expiration of

seven days from gauging ; while the same
examination shows that many of those ce-

ments which at the same age carry 100
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lbs. or 500 lbs. actually deteriorate before

they are a year old.

The author is of the opiniou that the

strength at a single date does not define

with sufficient accuracy the value of a ce-

ment ; but that two dates should be de-

termined upon, and the increase per cent,

in strength between those dates will bet-

ter define the nature of the cement than

the actual strength at either. As an ex-

ample, the two following cements may be
cited:

—

3 Days.

No.
No.

390
205

7 Days.

460
375

28 Days.

520
490

3 Months.

510
590

Consider the behavior of No. 1 cement
up to twenty-eight days. It is superior
in every way to No. 2 ; though the in-

crease of strength between each date is

but little, while No. 2 increased 85 per
cent, between the three and seven days,

and 30 per cent, between the seven and
twenty-eight days. The latter therefore

appears, as indeed is proved by the result

of a three-months' test, to be still in-

creasing in strength, and likely to do so

for some time, while No. 1 is a cement
which develops all its strength in a short
period. It is therefore not likely to in-

crease in strength with age, and may pos-
sibly deteriorate. It would not, however,
satisfy the case to define only the increase

per cent, which should take place between
certain dates ; but a minimum and maxi-
mum strength should be determined
upon at the earlier date, as indicative of

a good cement, and a specified increase
above that for all future tests named. In
the author's opinion, the tensile-strength

of a briquette three days old should be
at least 175 lbs., and should not exceed
275 lbs. per square inch ; the increase of

strength between the three days and
seven days should be from 40 to 50 per
cent.; and if a twenty-eight days' test is

adopted, the increase should be from 20
to 30 per cent, of the strength shown at
the seven days.

A slow-setting cement does not practi-
cally increase in temperature during set-

ting; it is only the quick-setting ones
which develop this characteristic. Many
quick-setting cements when fresh will in-

crease in temperature as much as 16° and
18° Fahrenheit in eight or ten minutes
from gauging, and will not return to their

normal temperature for more than an
hour. If cement possessing this charac-

teristic be cooled, it will be slower set-

ting, and the increase in temperature
during setting will not be so great. This
test may therefore be often useful in as-

sisting in the immediate determination of

the value of a cement.
The author maintains that there should

be a uniform standard specification, com-
pliance with which would ensure a thor-

oughly good and sound cement, which
manufacturers would be able and willing

to supply at the ordinary market prices.

A standard specification has been for

many years adopted in Germany and other
coun tries, and has proved of great benefit

to the industry, and there is no reason
why it should not be equally beneficial in

this country. Shippers, and users who
require only a few hundred tons at a time
(and it must not be forgotten that these
take up the bulk of the cement made in

this country), know that they wTere ob-

taining a good and useful article. Such
an arrangement would in no way interfere

with engineers, or others who use large

quantities, adopting their own specifica-

tion, and there is no doubt manufacturers
would be prepared to comply with their

demands under special conditions. In
order, however, to ensure success, a stand-

ard specification should be one which,
while meeting all requirements, should
be simple and conclusive, and at the same
time expeditious. In nine specifications

out of ten, many of the items demanded
are contradictory, and many often use-

less. It therefore seems necessary to

examine the clauses usually inserted in

a specification, and see what assistance

they render in determining the value of

the cement, so that the actual clauses in

a specification may be reduced to a mini-

mum. Taking them in order, they gener-
ally appear to be : first, the weight ; sec-

ond, the fineness ; third, the examination .

of pats ; fourth, the color ; fifth the ten-

sile strength at seven days ; sixth, that

the cement shall set in a certain time.

Notwithstanding that this hitherto has
been considered a good and efficient test,

the author believes no correct estimate

of the value of the cement can be arrived

at by the comparison of the results ob-
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tained, and therefore would substitute

for them the following :

—

First, fineness ; second, absence of

blowing, determined by the use of the

apparatus already described ; third, the

tensile strength at three and seven days,

and the increase per cent, between those
dates. In addition, a twenty-eight days'

test might be adopted if practicable ; but
in many cases—certainly in all cases of

shipment—it is impossible to allow the

examination of the cement to extend over

such a long period.

TEMPERATURE OF THE SUN.
Bt DeVOLSON wood, m. a., c. e.

Written for Van Nostrand's Engineering Magazine.

This most important point in Mr. F.

Gilman's criticism, in the last September
number of this magazine, of my article in

the last July number, is whether the law
of the inverse squares as applied to heat

is applicable to extended surfaces. If his

assertions be taken in place of proof,

little need be said ; but "on this point

there is a show of reasoning, inasmuch as

he asserts that " gravitation, light and
radiant heat conform to the same law."

In examining the truth of this assertion,

we begin with the fundamental principle

of the attraction of matter—that the at-

tractive force between any two particles

varies directly as the products of their

masses and inversely as the square of the

distance between them ; thus expressed
mm' _

n .

'—5-
. The law has no existence m reter-

f
ence to a single material particle only, as

Gilman seems to imply. Do light and Mr.
radiant heat necessitate two bodies, one
to impart and the other to receive ? But
the law especially referred to is that of

the inverse squares. Can it be said of

gravity that the force varies inversely as

the square of the distance unless there be
an external body, so that there may be
mutual action between them ? Is it nec-

essary to have an external object in order
that the intensity of heat shall vary in-

versely as the square of the distance?
(Admitting the law, for the moment). In
the case of gravitation, is not the attrac-

tive pull (so to speak) the same on both
bodies, regardless of their relative size ?

And is this the same with light and heat?
The answers to these questions are evi-

dent, and are only made to show funda-
mental differences.

Vol. XXXI.—No. 5—26

Mr. Gilman says: "But it has been
proved that the same law of gravitation

prevails in a spherical homogeneous mass
of any dimension, when the distance is

measured from the center "—a statement
partly true and partly false. He here

confines his attention to one body, and in

that sense it is not correct. In the next
place, assuming that he would have the

action of the sphere upon a particle, it is

not true if the particle be within the

sphere, for in that case it is found that the

attraction upon the particle at the center

of the sphere is zero, and increases as the

distance from the center to the surface.

Is this true of a hot sphere ? Is it true

that there is no heat at the center of

such a sphere ? And does the heat in-

crease from the center outward ? Answers
are unnecessary. But for fear that it

may be said that this is not a fair case, it

will be well to observe that this law of

increase of gravity in the homogeneous
sphere is deduced from the fundamental
law of gravity between particles.

But it may be properly claimed to be
true for the attraction of a homogeneous
sphere upon an external particle—or, to

be more precise, for the attraction be-

tween such a sphere and an external par-

ticle. But it must be observed that this

" has been proved " by means of the law
relating to the attraction between parti-

cles ; and in this proof it is assumed that

the attraction between the external par-

ticle and the most remote one of the

sphere is precisely the same as if they

were the only particles considered. In

other words, the attraction is the same
whether bodies intervene or not. Has it

been proved that the same law holds for
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radiant beat in this case ? The above re-

sult may be thus stated : The attraction

between two homogeneous spheres is the

same as if their entire masses were con-

centrated at their respective centers.

Can a similar statement be made of radi-

ant heat? If so, where is the proof?

Further, by means of the fundamental
principle above stated, the principle holds

for gravity when the spheres are not
homogeneous, provided only that each of

the concentric spherical shells of which
the spheres may be conceived as com-
posed, are of the same density, but vary-

ing from one to the other in any manner.
When Prof. Tait is correctly reported, it

will be found that he does not support
the theory that the law of the inverse

squares "is also applicable in the case of

heat radiating from a spherical body, such
as the sun." "We do not understand how
Mr. Gilman can insist upon this law of

the inverse squares in this case and at

the same time admit that the law of Petit

and Dulong is reliable even to nearly
400° P., since the latter is entirely at va-

riance with the former. I suppose that

both of us have typographical errors in

the notation of the formula

Q=1.146/a« .

In my article it should have read a=

1.0077, and Q should be substituted for
r, and with these corrections the formula
was sufficiently correct for my purpose,
though not exact; but if the formula
quoted by Mr. Gilman gives better

results, or results more favorable to

Captain Ericsson's theory, we are will-

ing he should profit by it. It is safer

to extend an approximate empirical

formula beyond the limits of strict ap-

plicability, than to use a principle not
founded on reason or experiment. We
made no claim for accuracy of the result,

but simply showed that, according to

recognized theories, the temperature of

the sun might be about 5000° Fahr.

But Mr. Gilman asserts that the law of

the inverse squares " gives the tempera-
ture of the medium in the vicinity of the

body " and " Capt. Ericsson has proved the

temperature of the medium in the vicinity

of the sun is at least 1,303,640° Fahr."

What medium is here referred to ? Is it

the luminiferous ether ? If so, who can
say that it is not diathermanous ? Or is

some other medium referred to? The
assertion is a bold one.

Finally, let Mr. Gilman extend his cal-

culation, by assuming that the body is

400,000, 100,000, &c. miles from the cen-

ter of the sun and determine its tempera-
ture !

GERMAN REGULATIONS AS TO THE CONSTRUCTION" OF
IRON BRIDGES.

From "The Engineer."

At a meeting of the German Associa-

tion of Architects and Engineers held in

October, 1881, the question of normal
regulations for the delivery of iron struc-

tures for bridges and buildings was dis-

cussed. The subject was then referred

to the Saxony Association, for the draw-
ing up of a series of regulations on the

subject. The matter has since that time
been under consideration, and during last

autumn the work projected was accom-
plished.

In the scheme drawn up—signed by
Messrs. Centner, Ehrhardt, Frankel, and
Fritzche—the question of bridge con-

struction has been treated in a compre-

hensive manner; less attention having
apparently been given to that portion of

the subject which refers to building work.

The following is a summary of the prin-

cipal features of the scheme in question,

given in detail by the Wochenblatt fur
Architekten und Ingenieure.

I. Technical basis ofconstruction : (A)

Intrinsic weight of the structure; (B)

Alterable vertical load.—(a) In railway

bridges this is represented by a train

consisting of three of the heaviest loco-

motives in prospective use, and an un-

limited number of loaded goods trucks.

(b) The traffic on road bridges consists

of foot passengers and carriages. For
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main girders of bridges, of about 65^ ft.

span, concentrated loads upon one or two
axles are more unfavorable than the bur-

den of a crowd, but in the larger bridges
the latter is the most unfavorable. This
last-named pressure can as a rule be esti-

mated at about 82 lbs. per square foot,

but in cases of a compact crowd the press-

xire may be as high as 1 14 lbs. per square
foot. The prospective burden of carriages

has to be estimated according to the
probable character of the vehicles and the

description of roadway; the portion of

the roadway not covered with vehicles

being supposed to be filled with a crowd.
In some cases regard must be paid to a

probable load of street locomotives, (c)

In buildings the movable burden of the
iloors, burden of snow on the roof and
wind pressure. (C) Horizontal forces.— (a) The wind pressure acting horizon-

tally may be estimated for the loaded
bridge at 30f lbs. per square foot, and for

the unloaded bridge at 51^ lbs. per square
foot, or, in a specially exposed situation,

•even at 57J lbs. per square foot. (b) In
curved railway bridges the effect of the
centrifugal force for the maximum
speed of the trains has to be taken into

-consideration. (D) Alloicable require-

ments of the material used in the con-
struction.—The employment of the form-
ulas founded on Wohler's tests is sug-
gested, but the following strengths are
mentioned as maximum requirements

:

Welded iron, 7,625 tons per square inch

;

steel, 11.5 tons per square inch. Wide
flanged welded iron I girders—where the
width' of the flanges exceeds that of the
German normal profile—even if they have
only to support a fixed load, should not
be required to stand a test of above 5

tons per square inch in tension. In cal-

culations affecting rivets there should not
be more strength claimed than about 3.75
tons per square inch of rivet section.

Cast iron should be required to stand
tests for extension of 1.625 tons per
square inch, and for pressure of 4.75 tons
per square inch.

II Preparations of contract draioings
and calcidations.—III. The prepara-
tion ofworking draioings.—The drawings
and calculations on which a contract is

based are, as a rule, prepared by the
building authorities, and when the ad-

judication takes place the contractor re-

ceives attested copies. If these are

—

apart from the general plan—on the scale

of one-twenty-fifth to one-twentieth of the

natural size for entire main girders, and
one-tenth the natural size for the details,

no further working drawings are required.

Any defects arising in the work are not

to be excused on the ground of want of

clearness or imperfections in the draw-

ings. Any changes suggested by the

contractor are to be notified within a

given period. When special working
drawings are to be prepared by the con-

tractor, they are to be submitted in dupli-

cate to the building authorities within a

given time after the adjudication. Any
purchases of materials or other steps

taken before the approval of these work-

ing drawings are at the contractor's risk.

The calculations as to weight are in most
cases prepared by the authorities and an-

nexed to the contract. If they are in ac-

cordance with the dimensions shown in

the drawings no further calculations of

weight are required, but the contractor is

bound to examine them. Should approxi-

mate weights only have been given, the

contractor is bound to send in within a

given time in duplicate an exact calcula-

tion of weights. The following standards

of weight are to be taken as a basis :

—

Cast iron, 452f lbs. per cubic foot;

wrought iron, 486^ lbs. per cubic foot

;

steel and ingot iron, 490§ lbs. per cubic

foot.

IV. Selection, quality, and testing of
the materials.— («) The bearing portions

of the structure, such as the main girders,

cross girders, and intermediate girders,

as well as all portions which are liable to

deflection, are in general to be made of

wrought iron. It is recommended in

bridge building to use wrought iron in-

stead of cast iron columns. As to the

use of mild steels, caution is advised in

the present conditions of methods of

manufacture, (b) The definition of the

quality of the material of the construction

must be governed by its working capabil-

ities, (c) The wrought iron used must
at least possess the qualities specified in

the conditions of classification issued in

May, 1881, by the Association of German
Ironworks. As to mild steel and ingot

iron, tests can hardly be specified on ac-

count of the insufficiency of experience

relating to them. The cast iron portions

must be cleanly made of grey soft iron in

the prescribed dimensions. They must
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contain neither blisters, holes, fissures,

nor any other defects. The minimum
strength must be—against tension 7 tons

per square inch ; compression 38 tons

per square inch. Cast iron columns and
supports are tested up to double the bur-

den for which they are constructed. The
minimum thickness of metal for cast iron

columns is -§- inch.

V Cleaning and painting.—Previous
to the separate parts being put together

—juates, bars, &c.—the rust and hammer
slag are to be removed from the iron.

The mode of cleaning is left to the con-

tractor's option, but he must give notice

of what it is, and is responsible in the

instance of chemical cleaning for any
subsequent rusting arising from want of

care in the removal of the acids used.

The cleaned portions are to be coated
with a varnish of boiling hot linseed oil,

which must be thin and quick in drying.

Until dried, the portions thus coated
must be properly sheltered. The build-

ing authorities are at liberty to arrange
for a provisional acceptance when the

riveting is completed, after which the
grounding of the parts may be effected

with a protecting ground paint. For this

purpose a varnish of linseed oil with red
lead is recommended, but the operation
must not take place during damp weather
in the open air. This provisional accept-

ance is not any agreement on the part of
j

the building authorities as to the correct-

1

ness of the measurements or the number
I

of pieces in the construction. The larger

portions are only to be grounded on the
building site after revision. After the
iron portions are in position, all the joints

are to be carefully filled up, at the sur-

faces of contact, with a putty composed
of white lead and linseed oil varnish, and
a grounding of red lead is to be applied
to the heads of the rivets driven in on
the building site. Besides, all spaces be-

tween portions of the construction where
water might accumulate have to be care-

fully filled up with asphalt. The entire

construction subsequently receives from
the building authorities a second coat of

oil paint. Should the zincing—galvaniz-

ing—of any portions be prescribed, it

should be effected by a strictly uniform
coating. The portions thus treated
should be capable of being bent until

they break without the zincing, i.e., what
is incorrectly called galvanizing in this

country, becoming detached. The coat-

ing of zinc must be as free as possible

from lead.

VI The manufacture and putting to-

gether of the separate parts.—All the

parts of the construction must exactly

correspond with the drawings and fulfill

the following conditions :

—

(a) The por-

tions fastened with rivets or screws must
fit closely together, (b) All iron portions

must be rolled or forged out of one piece

of iron, and not be formed by the weld-

ing together of separate pieces. Any
exceptions have to be specified. (c)

Angles and bending are to be avoided as

far as possible, (d) The rivet holes must
correspond as to diameter and position

with the drawings. The holes which are

drilled at the building site should be
about yV °^ an mcn narrower than the
diameter of the rivet requires, so that a

good fit is insured after its being en-

larged, (e) All screw holes and rivet

holes are to be carefully drilled. (/*)

Where several holes meet each other in

the parts to be united, a horizontal dislo-

cation of not more than 5 per cent, of the

diameter of the hole is allowable. The
holes must, however, be made perfectly

equal with the rimer, and not by filing

on one side. Eivet bolts of proportion-

ately large size must be used in holes

thus enlarged, (g) The rivets are to be
inserted at a bright-red heat—after being
carefully freed from scales—into the duly

cleared rivet holes in such a manner that

they are quite firm after the head is com-
pleted, (h) After the riveting, it is to be
tested whether the rivets are quite firm.

All that are not firm or do not correspond
with the above-named conditions are to

be removed and replaced by others. No
further driving is under any circum-

stances to be permitted in the cold state.

In the putting together of the parts, care

is to be taken that none of them is forced

into a one-sided tension. Should any
portions become distorted in the riveting,

the connections must be loosed and the

faults carefully remedied.

VII Extent of completion in the work-

shops.—In all parts not to be riveted in

the factory, provisional screw bolts must
be inserted. Eiveting upon the building-

site is to be confined to the smallest pos-

sible extent, and, therefore, the comple-

tion of all possible parts of the work at

the factory is recommended.
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VIII. Suspension of the execution and
acceptance of the work in the workshop.

—The building authorities have the right

of constant or occasional skilled super-

vision of work in the workshops, and the

necessary appliances and force for tests

and examinations must be furnished to

them, or obtained by them at the con-

tractor's expense. All portions not ac-

cording to the prescribed regulations, or

otherwise unserviceable, are to be marked
in such a manner that their subsequent
employment in the structure may be rec-

ognized. The examination of the iron

material and the control of the execution

in the workshop does not prevent the re-

jection of the work delivered, during or

after the erection of the structure, if de-

fects show themselves.

IX. The mode of ascertaining the

weight.—For the purpose of computation
all parts of the structure should, if possi-

ble, be weighed, but when this is imprac-

ticable, a certain number of objects se-

lected by the building committee should
be officially weighed for the purpose of

obtaining reliable indications regarding
the total weight of the structure. The
computation then takes place according

to the agreed prices on the basis of the

total weight as ascertained, if the latter

does not exceed the original computed
weight by more than 3 per cent. If the

excess of weight is more than 3 per cent.,

the contractor is only paid for 3 per cent,

extra. Any shortness in weight is de-

ducted. Portions of a structure which
are more than 5 per cent, above the esti-

mated weight, or more than 2 per cent,

under it, can be at once rejected.

AT. The stonework of bridges.—The
bed stones are delivered to the contractor

in the correct position of altitude, and
the middle line of the bridge construc-

tion is marked on the pillars in a distinct

manner. The contractor is supposed to

ascertain by his own measurements, be-

fore the erection begins, the exact dimen-
sions, and to control the same according

to the drawings, reporting any differences

to the building authorities, and awaiting

their decision ; otherwise the contractor

is liable for any ultimate difficulties. The
contractor is specially bound to carry out
the correct and exact placing in position

of the main girders. The masons' and
stone- dressers' work in connection with
the final works is looked after by the

building authorities, who likewise provide
the necessary materials.

AT. The erection on the site.—The
methods to be employed in the erection

of the ironwork and of the scaffolding are

generally left to the judgment of the

contractor, but the building authorities

have the right in letting out the contract

to stipulate for a certain mode of erec-

tion. The machinery for hoisting and
other appliances have to be supplied by
the contractor at his own expense. As
the erection of scaffolding, &c.,is subject

to local regulations, the building authori-

ties are to give the contractor, in the

conditions for delivery, all available in-

formation, plans, &c, bearing on this

point, as also upon the question of land

and water transport for materials, &c.

Plans of the scaffolding—scale 1:100—are

to be submitted within a given time after

the adjudication—by the building author-

ities to the local officials for examination
and approval. Those parts of the ma-
sonry on which the bed-plates are to be
placed should be put at the disposal of

the contractor a given time before the

date fixed for the completion of the iron-

work. Should the masonry not be ready,

the contractor must be apprised of the

altered circumstances, but any compensa-
tion under this head must be a stipulation

of the contract. The officials charged
with the supervision of the erection are

authorized to satisfy themselves in any
way they wish as to the quality of bind-

ing materials not yet tested. A repetition

of tests for strength already carried out

in the workshops can only be ordered by
the building authorities in special cases.

The contractor is bound to follow the

instructions of these officials within three

days, but has the right of appeal to the

building committee. In urgent cases the

officials have the right to order the sus-

pension of the work, but if it is found on
appeal to the building authorities that-

such a course was not justified, the con-

tractor is entitled to compensation for

any injury he has sustained, and the pe-

riod of suspension is added to the time

originally fixed for the execution of the

work.

AT/7". The testing and acceptance of
the completed work: {a) super-elevation

of girders.—Truss and lattice girders.

&c, are laid with a camber, which is com-
puted upon the principle that after the



374 VAN NOSTRAND'S ENGINEERING MAGAZINE.

work is finished and the load has pro-

duced its natural effect, there should
remain a camber equaling half the bend-
ing -which would have been produced by
a similar moving load.

(b) Tests for load,—These vary accord-

ing to the purposes of the structure.

Bailway bridges are tested by a train

being placed on each of the lines. This
train consists of three of the heaviest

goods engines available, the first with the
chimney in front and the two others with
the chimneys in opposite direction to

each other, and loaded goods trucks of

the heaviest description in use upon the
railway in question. These trains are

placed upon that portion of the bridge
which corresponds with the greatest mo-
mentum, and the amount of deflection

after sis hours is measured in the center
of the main girders and at the main piers.

The train is then removed and the amount
of permanent deflection of the girders is

ascertained. Finally the bridge is crossed
at the maximum speed allowed upon the
line, and the amount of transitory and
permanent deflection is ascertained. For
testing road bridges a testing weight is

brought upon the roadway and the foot-

paths, where it is left for twenty-four
hours. A row of the heaviest loaded
vehicles which have been provided for in

the construction of the bridge is driven

step by step over it, and is then allowed
to rest half an hour upon it. In both
cases the transitory and permanent de-

flection of the main girders is ascertained,

as previously explained. The marching
of men in time, as well as the rapid driv-

ing of vehicles over the bridge, are not
excluded, but must be provided for in

the conditions for the construction. The
most unfavorable combination of the
burdens of the separate openings is pro-

duced with continuous girders. A small

permanent deflection after the removal
of the first trial load cannot be attributed

to any defect in the construction if no
permanent deformation of the separate

parts of the work can be proved. Further
trials should, however, not produce any
further deflection. The measured elastic

deflection with fixed and moving loads

must not in any case exceed the computa-
tion by 15 per cent. Any differences in

temperature which may have intervened

should be regarded in such tests. All

defects which are rendered visible by the
tests, and which can be traced to faulty

execution or to the materials used, are to

be remedied by the contractor within a
period fixed by the building authorities.

The tests for burden are carried out at

the expense of the building authorities.

The examination of the work with a view
to its acceptance as a whole should take

place within a given period of its comple-
tion. The contractor remains answerable
for a certain period as to the normal con-

dition and the good and proper execution

of the work. It is suggested that a year
is a suitable period.

ON WATER SUPPLY.
Papers read before the Conference of the Society of Arts on the Water Supply held at the International

Health Exhibition in July.

From the "Journal of the Society of Arts."

I.

Water Supply in Its Influence on the
Distribution of the Population.

by w. g. topley, f.g.s., assoc. inst. c.e.

One of the most essential conditions

for the comfort and well-being of a pop-
ulation is water, and a little consideration

will show that the early settlements of a

people have been where, and only where,
water occurs.

In a broad and general sense, this fact

is patent to all—the banks of rivers and
streams are usually well populated—the

wide areas of waterless districts are un-
peopled ; but the fact is equally true in a
very limited and restricted sense, not at

first so obvious.

The source of all water is the rain

which falls on the land ; this acts in two
different ways, according to the nature of
the soil on which it falls. If the soil is

porous, or pervious to water, a certain

portion of the rain sinks in ; if the soil is

impervious, the whole of the water either

drains off the land into brooks, or passes
back by evaporation into the air. The
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water which soaks into a porous soil or

rock, accumulates there until it flows out
again as springs, or is artificially tapped,
and drawn away by means of wells.

Springs occur near where a pervious
bed overlies or underlies an impervious
bed, or where a valley reaches down to

the level at which the rock is saturated

with water. In the case of valleys cut-

ting deeply into the rock, the valleys

themselves determine the level of satura-

tion.

A soil which allows water to sink into

it is a dry soil, and is, therefore, suited

for habitation and for agriculture. Hence
the main conditions which favor the set-

tlement of a district are found in the
same soil, or along the outcrop of the

same bed. We thus see that geological

structure controls the distribution of the

population ; not only in such great fea-

tures of the earth's surface as mountain-
chains, plains, and valleys, but also in the

minor divisions of the district.

The outcrop of a narrow band of por-

ous rock, between wide beds of clay, is

strongly marked by the occurrence of a

long line of villages, each of which obtains

its water from shallow wells or springs.

The cornbrash, between the Oxford clay

and the great oolite clays, is an excellent

example of this. So, too, is the marlstone
rock-bed, between the upper and lower
lias. Even a thin and comparatively un-
important bed of sand, ironstone, or lime-

stone, if it only affords a small space fit

for arable culture, will be marked by a
line of villages. A thin bed of ironstone

in the lower lias of Lincolnshire is a good
example of this.

"When rocks rise from beneath a cover-

ing of clay there are often springs at the
junction.

The base of the chalk escarpment, with
the line of outcrop of the adjacent upper
green sand gives another good example.
Here the villages always lie thickly along
a definite line. There is a well-marked
and constant relation between the out-

crop of porous strata and the parish or

township boundaries, the longer axes
of the parishes crossing the outcrops
more or less at right angles. A careful

study of the distribution of the villages,

and of the relation of their parish bound-
aries to the main physical features, throws
much light upon the past history of the
country, and often enables us to deter-

mine the relative ages of the settlements.

This branch of the subject does not now
concern us ; we need only note that the
arrangement of the parish boundaries
depends upon the sites of the settlements,

and that these are controlled by the out-

crops of water-bearing beds.

The early settlements in England were
nearly always controlled by such circum-

stances as have been here referred to

;

but the later development of special

towns and districts has depended upon a

variety of circumstances. In early times
it was around some shrine of special fame
or sanctity, or under the shadow of the
castle of some powerful noble, that the

population clustered and the town in-

creased. A little later it was also in

places especially well suited for various

manufactures. Within the last 200 years

the great development of our mineral
wealth (especially of coal and iron) has
entirely transformed the country. Large
towns have sprung up over the coal-fields,

often on wide tracts of clay, where few
settlements would otherwise have taken
place. The natural surface water supply
of such places is often bad and small,

and the mining operations frequently

drain even this.

The water supply of modern towns is,

in nearly all cases, either (a) obtained
from a neighboring river, (b) brought
from a distance, or (c) obtained from
deep wells beneath the town. It thus,

except in the first case, differs from that

of the original settlement, which always
obtained its water from streams, springs,

or shallow wells. In far too many cases

the primitive source of supply has been
continued in use long after the time when
it should have been abandoned ; and the

local source of water supply, essential to

the early development of a town, has be-

come a source of danger as the popula-

tion has increased.

Of the points just mentioned, London
affords an excellent example. The old

parts of London and its suburbs are built

upon gravel resting on London clay.

Where small valleys (such as the Fleet)

cut through the gravel, there are natural

springs ; but everywhere water can be
obtained in shallow wells sunk through
the gravel. So long as the inhabitants

were dependent entirely upon these

springs and wells, the houses were con-

fined to the gravel ; when a general sys-
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teni of water supply was introduced, the

population extended over the intervening
area of clay. Meanwhile, the increasing

population, without any adequate system
of drainage, fouled the shallow wells, and
rendered them all more or less impure.
It is only within the last few years that

some of these have been closed by author-

ity.

Below the superficial deposit of gravel,

there are other sources of water supply
for London. The strata beneath lie in a

basin-shaped form, and thus favor the
accumulation of water. Underneath the
London clay there are the lower tertiary

sands, holding water which rises in the
wells when these are sunk through the
clay. Still lower, there is the great mass
of chalk in which there is an enormous
store of water. Still lower, and separated
from the chalk by a bed of clay (gault),

is the lower green sand. This, on the
south side of London, may yet yield some
water, but it can never be the great
source of supply which was once hoped
for.

There are, then, with the river, four
different sources of water supply at or
beneath London, each giving a different

quality of water. Probably no large city

in Europe is better situated than London
for supijlying itself with water from with-
in its own area ; but so vast has London
now become, that all these taken together
are insufficient, or inefficient.

It is a curious circumstance that some
others of the great capitals of Europe are
built on " basins " like that of London,
and hence are able to obtain deep well-

water from beneath. Paris, Berlin, and
Vienna are good examples. This is a
circumstance that could not have been
known to the early settlers, who con-
cerned themselves only with the surface
sources of water supply.

The Origin of Water Supply,

by g. j. symons, f. r. s.

This title might possibly be supposed
to imply a history of the past, but in
this Health Exhibition, i^ace Old London,
we deal chiefly with the present and with
the future.

I know no better word than origin
wherewith to describe the small portion
of the great subject of water supply
which I am permitted to discuss.

All water supply comes from the
clouds, and it is with the products of the
clouds as rain (including therein snow
and hail) that I have to deal.

Perhaps, before describing the general
features of rainfall distribution, it may be
permissible to explain (for the use of

those who have never done it) how the
fall of rain is measured. If we imagine
a flat dish—a tea-tray, for instance

—

placed upon a lawn during rain, it is ob-
vious that (subject to loss by splashing)

that tray would, at the end of the shower,
be covered by a layer of water of a depth
approximately equal to that which fell

upon all portions of the lawn, and the
depth of water on it (say \ inch) would
be the depth of the rain fallen. Obvi-
ously, besides the loss by splashing, the
water on this tray would soon evaporate
and be lost, besides which the depth
could not easily be accurately measured.
For these reasons, some form of funnel
is always used, so that the rain may be,

as it were, trapped, prevented from
splashing out, and from evaporating. In
the gauge before you (a very inexpensive
one) all known sources of error are

guarded against, and, as the water col-

lected by a 5 -in. funnel is measured in a
jar only 1^ inches in diameter, it will at

once be seen that its vertical depth is

multiplied nearly tenfold, and, therefore,

even one-hundredth of an inch is easily

measured.
There are other patterns specially

adapted for observation on mountain
tops, where they can only be visited once
a month ; others for observations during
heavy thunderstorms, so as to obtain
data needful for drainage questions

;

others in which every shower that falls

writes down its history, the instant of its

commencement, its intensity during
every minute, and the time of its termin-

ation ; but I must not stand between you
and other papers with a discourse on the
many interesting points which these
gauges bring out.

Luring the last 25 years I have done
what I could towards establishing a com-
plete system of recording the rainfall in

this country. In early days the British

Association for the Advancement of Sci-

ence gave considerable help, but some
ten years since they dropped it. Gov-
ernment have never given any help at all,

and now the whole cost, or 99 per cent.
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of it, is borne by the observers them-
selves, a body which has now grown to

the very large number of nearly 3,000. I

do not know the precise number, but
there are every year new stations begin-

ning, old ones stopping, and others in-

terrupted
;
yet, for 1883, I have just had

the pleasure of printing perfect records
from 2,433 stations, every record having
been previously carefully examined and
verified.

Hitherto I have been so overworked,
and my staff has been so small, that the

' discusfion of the data falls behind the
collection ; for this reason I cannot lay

before you such data as I wish. How-
ever, the map on the wall is the one I
drew many years ago, and which was in-

serted in the sixth report of the Eivers
Pollution Commission. It is not perfect,

but as it is tinted with increasing dark-
ness for places with heavy annual falls of

rain, it will at least show you the broad
features of the distribution over the
country.

I refrain from going into the subject
in detail, desiring chiefly that you should
realize the fact that large tracts of

country have twice and even three times
as much rain as others.' If we descend
to single stations the differences are, of
course, greater, e. g., in 1883, the rainfall

at the Stye, in Cumberland, was 190.28
inches, and at Clacton-on- Sea, in Essex,
it was only 18.71 inches ; that is to say,

the one was more than ten times the
other.

Here I should like to interpose a ques-
tion as to public policy. There is often
a great outcry if the water of one dis-

trict is taken to another. Surely, while
there is no relation whatever be-
tween the density of population and
the quantity of rainfall, one early

duty of a Government is to see
that all parts are amply supplied with
the chief necessary of life. Englishmen
have a dread of centralization, but in

many ways they pay a long price for
their dread. At present it is not often
that any town can even state before Par-
liament its views as to the effect upon it

of what its next neighbor may be ob-
taining powers to do. Having suggested
one semi-legal question, I may as well
mention at once another. Up to the
present time, there being no Hydraulic-
office (as I hold that there should be) in

this country, all the larger water ques-

tions come before Parliament as private

bills, and, provided that they get through
committee, they, as a matter of course,

become law—law for all time to come.

No one can foresee what will be the to-

tal population of this country a century

hence. No one can tell where the bulk
of the people will reside, nor what will

be the need for water in vaiious parts of

the country. Water-lights are already

very valuable, and they will probably be-

come still more so. Would it be possible

to safeguard our successors by insisting

that special water-rights, if now asked to

be created, shall be subject to revision,

without compensation, after the lapse of

100 years?

However, to return to rainfall, and ex-

plain why I stated it to be the origin of

water supply. All rain and melted snow
must be disposed of, either by evapora-

tion, percolation, or flow into streams

and rivers. The first class, evaporation,

is, of course, not a supply, and therefore

we must not pursue it. Percolation is

the source of all springs and of all well-

water. Sometimes, as at Lancaster, the

springs are so large that even a consider-

able town can be supplied by merely lay-

ing pipes to the sources whence they

burst forth ; sometimes they run into the

reservoirs of gravitation waterworks
;

sometimes they pass, as in the chalk dis-

tricts, for miles beneath impervious strata,

finally being either pumped up from
wells, or even, in rare cases, rising as

true artesian wells above the siuiace of

the ground ; and sometimes they pass

even deeper, as in the red sandstone sup-

plies pumped from extreme depths for

Liverpool and other towns.
The water which runs off the surface

is sometimes utilized by throwing a bunk
arcoss a stream, and thereby forming a

reservoir behind it, as, for instance, in

the new supply for Liverpool from the

Vyrnwy, where the reservoir will form a

lake larger than many of those in Cum-
berland. Sometimes the lakes themselves
are utilized as reservoirs, as, for instance.

Loch Katrine and the surrounding lakes,

and sometimes, as at York and London,
the rivers are drawn from by powerful
pumping machinery.

It is often said that there are few
things so uncertain as the rain. That is

both true and false. True as regards
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our ignorance of the future, false as re-

gards our knowledge of the limits within

which the quantity of rain will be found
to vary.

There are now hundreds of records of

rainfalls in this country of thirty or more
years each, and in a very large majority

of them it will be found that the follow-

ing proportions will be within 7 per cent,

of the truth:

Wettest year, 45 per cent, more than
the average.

Driest year, 33 per cent, less than the

average.

Driest two consecutive years, 26 per
cent, less than the average.

Driest three consecutive years, 21 per
cent, less than the average.

There are many other facts respecting

the laws of rainfall distribution, concern-

ing which time prevents my saying any-
thing, but I trust that enough has been
said to establish the necessity of a per-

fect system of rainfall registration as

the basis of any efficient hydraulic or-

ganization.

Water Supply to Villages and Eural

Districts.

by eardley bailey-denton, c.e., b.a., oxon.

I believe that I am uttering a fact

which no one can discredit when I state

that there is no object in social economy
which is more important, having regard
to the aggregate number of persons af-

fected by it, than the supply of water to

village communities and rural districts.

At the present moment, when the In-
ternational Health Exhibition may help
to draw attention to sanitary objects of

varying degrees of importance, it may be
well to make clear that the condition of

rural districts, in relation to water—the
first essential of healthy life—is a posi-

tive disgrace to a country represented by
a State Department whose efforts, it ap-
pears to me, should be specially directed
to the protection of small communities
less able to help themselves than large
ones ; and is a sad reflection on the pres-
ent advanced stage of sanitary knowledge
—an admission which the special meteor-
ological condition of the present season,
and a possibility of a visit of cholera,

brings home to all minds with increased
force.

If it should be understood, too, that

the existence of this condition of things
is to be traced, not so much to the ab-

sence of potable water, or the difficulty

of bringing it into use, as to the disin-

clination of local authorities to develop
the capabilities at their command.

It may be said with truth that, as a
general rule, Local Boards and Boards of

Guardians having jurisdiction in rural

districts, who have been called into exist-

ence to supply the sanitary requirements
of those districts, are animated with less

desire to perform the duties devolving
upon them than to avoid them. It is,

indeed, notorious that the majority of

members of Local Boards are elected un-
der a pledge to oppose such works as
sewage and water supply, on the ground
that the rates will be increased, and
knowing this to be the case, and that

few persons of superior position are will-

ing to take part in Local Boards, be-

cause they would invariably be outvoted,

it is easy to understand why rural dis-

tricts should be the last to move in the

water question. It is, however, very dif-

ficult to explain why the clergyman and
medical man of rural parishes, whose
higher education should be a guarantee
that the right thing would be done, fail

to exercise proper influence. If, per-

chance, they are elected to serve on Local
Boards it almost invariably follows that

the one forgets what he has said in the
pulpit as to the influence on the future
of sudden death ; whilst the other ignores
the advice he has given his patients in

their sick-chamber in relation to the fatal

effects of inhaling and imbibing those
germs of disease which float in foul air

and impure water. Directly they are
easy in their chairs as members they con-

tent themselves with the laissez /aire
policy of their colleagues.

These influences explain how it is that
local authorities abstain from appointing
as surveyor, or sanitary inspector, any
man with a capability and courage to ex-

pose local defects and requirements, and
why, when a medical officer does his duty
in explaining the defective character of

the water supply of any portion of his

district, some reason is soon found for

relieving him of his duties, and for ap-

pointing another in his stead, the actual

result of all this being that the govern-
ing bodies of rural and small urban
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districts exercise their functions, when
compelled to act, not by taking the ad-

vice and opinion of men technically qual-

ified to guide them, but by the exercise

of their own judgment. You may often

observe a small publican or a grocer— ex-

cellent tradesmen in their respective vo-

cations—directing the sinking of wells in

village streets in close proximity to leaky

sewers, ditches or cesspools, by which
the water intended for the supply of the

poorer inhabitants soon becomes foul

and unsuitable for domestic use. So
genera], indeed, has been this abuse,

that it is no exaggeration to state that

nineteen out of twenty existing village

wells are quite unfit for their purpose,
and that if samples were honestly taken

and submitted to a competent analyst

they would be condemned. Yet they are

permitted to exist, and nothing is said

about them, because the populations in-

terested are comparatively small, the
death rate is not excessive, the dwellings
are low in value, and, above all, because
the rates would be increased if a proper
water supply were substituted.

I have been induced to offer some re-

marks upon the present occasion, not be-

cause I have anything especially new to

lay before you, but because the facts I
have just referred to on the constitution

of local authorities and the performance
of their duties, have been made more
pertinent by the circumstance that, at a

time when there exists the apprehension
of a visit of cholera, a scarcity of water
may occur, owing to a remarkably dry
winter being followed by an unusually
hot summer, which the recent thunder-
storms may not sufficiently counteract.
It is unnecessary to explain that the
summer supply of water is very greatly
dependent upon the fall of rain during
the preceding winter, i. e., upon the rain
falling in the non-evaporating and dor-
mant months of November, December,
January and February. The mean
amount of rainfall in those months of the
last winter did not reach two-thirds of

the average quantity due to the same
months for the preceding 60 years. This
deficit would have been much more se-

verely felt at the present time, and would
have affected our subterranean supplies
much more than it is now likely to do,

had it not been in some measure counter-
balanced by the excesses of rain which

occurred during the last seven years,

from 1876 to 1883, which gave us, on the
whole, a considerable balance to carry

over. This advantage, coupled with the

frequent and heavy thunderstorms which
have occurred within the last month or

two, will go far to prevent the scarcity

of water which would otherwise have oc-

curred during the coming autumn

;

though, unfortunately, this national ad-

vantage will be a poor compensation to
the agricultural interest, which has suf-

fered so severely from the excessive wet-

ness of the last few years.

Without taking into consideration on
the present occasion the use of rain

water, which, under careful management,
may be collected from roofs and other

impervious surfaces, and stored in tanks,

and which will always form a valuable

means of supply to private dwellings,

and in special instances may be made
available even for villages, our rural sup-

ply, now so often derived from dirty

ditches and shallow wells, more or less

polluted by foul matters, may, in the ab-

sence of springs, rivulets and impounded
upland surface waters, be obtained from
subterranean sources of "wholesome"
character. These are to be found in va-

rious beds or outcrops of a water re-

taining character, which gather water at

a comparatively shallow depth below the
surface, such as the post-tertiary beds of

Norfolk and Suffolk, and the different

drift beds covering the London clay

;

the Bagshot sands, the green sand over-

lying the wealdon and gault clays, the
surface sands and beds of the wealdon
formation, the calcarious grit and coral

rag outcropping between the Kimmer-
idge and Oxford clays, and other beds of

like nature; or from the well-defined

water-bearing strata of the chalk, the
oolite, and the red sandstone formations
which are deep lying, and to reach which
it is often found necessary to pass through
superincumbent impervious beds or stra-

ta of varying thickness.

From the first source it requires com-
paratively little motive power to raise

the supply to the height required ; in

fact, in many cases, the application of the
ordinary lift or atmospheric pump suf-

fices ; in others, where the depth ex-

ceeds thirty feet, additional power is

called for. The second source requires
more powerful pumping, and may involve



380 VAN NOSTKAND'S engineering magazine.

the use of several pumps working in uni-

son. All this has been said and explained
before. My desire now is, if possible,

through the influence of this meeting, to

impress upon Local Boards and Boards
of Guardians in rural districts, where, in

order to obtain unexceptional potable

water, they are obliged to seek it beneath
the surface, that the experience already

gained in tubular wells goes far to prove
that, in the majority of instances the
" tubular " system may, with good effect,

take the place of the old and more ex-

pensive practice of sinking large wells

involving brickwork, steining and staging.

Economy, important though it be, is how-
ever secondary to the more important
fact that a tubular well signifies continu-

ous and watertight piping from the sur-

face of the ground to the subterranean
water level beneath, so that the entrance
of polluted surface or subsoil water (as is

so frequently the case in ordinary shaft

wells) is rendered impossible. In addition

to this advantage, it should be pointed
out that tubular wells are very rapidly

made, and can be readily removed should
it occur that the water found or sought
has not answered expectations in quantity

or quality. Moreover, the whole of the
materials employed maybe applied, when
withdrawn, to the same purpose in an-

other place.

I may here state that there are some
few disadvantages attending the adoption
of tube wells which it is right at once to

refer to. One is, that if, owing to acci-

dent, pumping is stayed, there will be no
supply during such time, and if it should
happen that the stored supply should
run out before the pumping is resumed,
much inconvenience may be experienced;
whereas in ordinary shaft wells, there

being room for more than one pump,
such an objection may be obviated. An-
other disadvantage is that should the

demand for water increase beyond the
capability of supply the only remedy is

to sink others, and to utilize two or more
in combination.
To render the nature and cost of tubu-

lar wells, which necessarily vary in char-

acter and size according to local circum-
stances, as intelligible as it is possible to

make them to rural sanitary authorities,

I may shortly state that, adopting for

illustration, the two characters of the
tubular wells already mentioned, i. e.,

those that can be worked by ordinary lift

and atmospheric pumps at a depth of less

than 30 feet from the surface, and those
that raise water by more powerful ma-
chinery from deep subterranean water-
levels, the modus operandi and cost will

be as follows :

—

In the first instance, taking, as exam-
ples, cases where the populations may
severally be 400 and 1,000, and where
there exists a constant supply of water at

20 feet below the surface, recourse may
be had to Norton's Abyssinian tube wells.

The water is reached by driving tubes

down through the ground to the water
level. The first tube is pointed and per-

forated for a few inches with holes vary-

ing in size from \ to \ inch. Length
after length of tubing is driven into the

earth at the selected site, and each suc-

ceeding length is connected with the last

by a screw joint. The perforations at

the base are four times as much as is nec-

essary to obtain the full flow of water
from the tubes, and they are kept clear

by an arrangement adopted by Messrs.
Legrand and Sutcliff, of Bunhill Row,
City, for forcing out any sediment or

matter that may obstruct a free influx

of water. This is effected by suddenly
liberating a column of water after it has
been raised to a sufficient height above
its normal level. The number of tube
wells required in a village of 400 would
probably be two, and in one of 1,000

people probably five. From figures

kindly given to me by the patentees it

would appear that the capital expended
in providing the wells and appliances will

not exceed 2s per head of the population.

Of course this only refers to the provi-

sion of the tubes, the pumps, and the

cost of fixing them. There are many
instances of small villages and hamlets

where one well and pump alone would
suffice ; but there are others besides those

given as illustrations, where a number of

these wells may be necessary, and which
should be united by means of a cast iron

horizontal main or mains, with intervals

between the vertical pipes, governed by
the nature of the water-bearing seam out

of which the water supply is obtained.

This distance may vary from 18 to 30 ft.

The motive power to work the pumps
may vary in kind ; water-power may be
used when it is close at hand, or gas

j
where it can he readily obtained.



WATER SUPPLY. 381

In the second instance (deep sources),

the tube wells consist of iron piping
fixed in bore holes, which latter, in fact,

form the well, with the piping to serve as

the pump barrel and rising main, to raise

the water into a service reservoir. These
bore holes will vary in depth according

to local features, and in diameter from 5

to 15 inches, according to the quantities

of water to be raised. The core of pipes

form as already intimated, a continuous
tube from the surface of the bore hole to

the water level below, and are made per-

fectly flush both inside and out, and must
be watertight. They are sunk for a suf-

ficient depth below the standing water
level as to secure an effective discharge.

The pump is fixed within the tubing,

which forms a cylinder, and is connected
with the engine on the surface by rods
properly guided within the tube. Special

pains are taken so to construct and fix

the pump that it may be readily brought
to the surface, repaired, and replaced.

For the first 15 or 20 feet of the well a

shaft 5 or 6 feet in diameter is necessary,

in which to fix the necessary gearing con-

necting the engine with the pump, and
to place the air vessel, &c, regulating

the lifted supply to the reservoir. It

would appear from figures supplied me
by Messrs. Tilley, of Walbrook, for

works which we have now in hand, that

the primary outlay varies from £500 in a

case where the lift is 100 feet, the supply
40 gallons per minute, the depth of the

bore hole 300 feet, and its size 7 inches,

to £750, where the lift is upwards of 250
feet, the supply 50 gallons per minute,
the depth of the bore-hole over 300 feet,

and its size 9 inches.

Besides tubular wells sunk perpendicu-
larly into subterranean water, supplies

may not infrequently be obtained by the
use of siphons for drawing water out of

water-yielding basins, to which there is

no natural outlet, by deflected pipes laid

over or through the rims of the basins.

The extraction of the required supply is

effected by dipping the shorter leg of the
siphon into the water bed forming a

ready-made reservoir, and carrying the
larger leg into the village requiring the
supply, to act, with proper appliances, as

a service main. This automatic mode of

raising and delivering water has already
been found available for towns as well as

villages.

In the cases of Abingdon and War-
wick, a siphon arrangement has been
found very beneficial. The firm to which
I belong, when devising the water supply
for the former town (under the imme-
diate supervision of Mr. C. F. Gowerj,
adopted this expedient for raising the nec-
essary supply for a population of over
6,000, which we had intended to obtain
from a direct adit driven into the bed of

coral rag, or calcareous grit, outcropping
between Boars Hill and Abingdon ; but
which we abandoned in favor of a sug-
gestion from Mr. J. Thornhill Harrison,
of the Local Government Board, who, at
an inquiry held by him, pointed out that
the water bed which we were making
preparations to tap might be considered
a natural reservoir, from which the re-

quired supply could be raised by means
of a siphon passing over the bank im-
pounding the water. This object was
effected by means of a 9 in. pipe capable
of discharging 330 gallons a minute, laid

from a reservoir holding 125,000 gallons
(which it was found necessary to make
within the calcareous grit for storage and
ready discharge), the bottom of which
was 40 feet higher than the highest part
of Abingdon. The shorter leg of the
siphon is about 9 feet in length, and
reaches very nearly to the bottom of the
reservoir. When the water, finding its

way out of the calcareous grit into the
reservoir, rises above the crown of the
siphon (which it generally does during
the night), the discharge is by gravitation

independently of the siphon ; but when
it sinks below that level, then the siphon
action is called into play. This arrange-
ment has been in existence at Abingdon
for four years, without any hitch or diffi-

culty of any kind.

At Warwick, Mr. Edward Pritchard,

C. E., adopted a somewhat similar con-
trivance, whereby he effected a very great
saving in the cost of the works. It has
now been in operation for more than
eight years, and is stated by Mr. Priteh-

ard to work satisfactorily. Siphons,
whilst working automatically, involve

very little outlay in maintenance, and
they would be adopted much more fre-

quently than they are at present, if their

special nature and advantages were more
fully understood. They have been used
with great advantage for the drainage
of land, and for the lowering of water
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standing in bogs. I may mention, as an
illustration, that in Scotland the Earl of

Stair drained by this means a wet marsh
near Culhorn-house, which had rendered
that residence unhealthy. The siphon-

pipe (seven inches in diameter) was half

a mile long, and it has drawn down the

water nine feet.

There is yet another means of obtain-

ing water for villages, which it would be
wrong to exclude from the consideration

of sanitary authorities, as in some in-

stances, we know from experience already

gained, that it can be resorted to with
advantage ; I refer to the use of waters
from cultivated surfaces, which the Rivers
Pollution Commissioners have designated
" suspicious " waters. To raise them
above suspicion they should be collected

and filtered through a bed of natural

soil, extending to about one pole (of

superficial area)per head of population. By
this means the water would be made very
superior to that consumed by the major-

ity of householders in rural districts.

The preparation of filter-beds of natural

soil is simple enough. A plot of land,

as porous and free in its subsoil as can
be obtained, should be selected, and made
suitable by special treatment, at such an
elevation relatively to the land from
which the water would be obtained, and
to the village which it is intended to

serve, as will receive the off-flow from
the former on its surface, and allow it,

after it has passed through the filter, to

collect in a storage reservoir, and thence
to reach the village at a serviceable

height. The filter itself should be deep-
ly underdrained, and the water to be
filtered through it evenly distributed over
its surface. No manure whatever should
be applied in it.

The water of underdrainage, when
found to contain ingredients of an ob-
jectionable character, which the analyses
of Professor Way have shown may be
the case, can be rendered perfectly unob-
jectionable by a second filtration through
a plot of prepared soil, rigidly preserved
from the application of manure.
When we are taught by chemists to be-

lieve that the extraordinary purifying
powers of aerated soil will render in-

nocuous the discharged sewage of towns
in which exists organic nitrogen in con-
siderable amount, we must be satisfied

that, by a second passage through natu-

ral soil, the water of underdrainage, al-

ready once filtered, may be freed from
any putrescible ingredients it may have
once contained.

This expedient is only suggested where
a village being in the neighborhood of an
estate which the owner has underdrained,
such owner will allow the water to be di-

verted from a natural stream, and filtered

before it is supplied for domestic use.

I will close this short paper by draw-
ing the attention of sanitary authorities

in rural districts to the " Reservoirs
Act, 1877," by which powers are given
to the owners of land to supply water
" to any sanitary or other local authority ''

by contract, and to charge their estates

with the outlay on works,

Water Supply,

by edward easton, m. inst. c. e.

The object of this paper is to put be-

fore the conference, in as concise a form
as possible, the considerations which
should govern the supply of water for

domestic and other purposes, not with
the intention of enunciating any new
thing, but with the hope of drawing at-

tention to well-recognized principles-

which are too often forgotten or neg,

lected.

The three chief points which have to

be considered in relation to this subject

are :

1. The source of the water.

2. Its distribution.

3. The conditions under which it is

used.

1. With regard to the source, it is evi-

dent that, in designing a waterworks, the

engineer has to provide that the water
shall be adapted to the purposes for

which it is intended, to be used, both as

regards quality and quantity.

The question of quality will depend
upon circumstances. It is essential, of

course, that in every case the water shall

be free from contamination by organic

and other impurities ; but the necessity

of its being chemically free from other

constituents will depend, to some ex-

tent, upon the purpose for which it will

be used ; for instance, in a manufactur-
ing district, where the water is required

for dyeing and such-like purposes, it

must be free from certain mineral in-

gredients, whereas for the supply of
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drinking water and for general purposes,
this is a qualification which need not be
insisted on.

It is now generally admitted that a

soft water is preferable to a hard water,

provided that the storage and distribu-

tion are properly carried out, and in

every case where there is a choice of

supplies, that which is soft, or which
can be softened by simple means, should
be chosen.

The process invented by Professor
Clark for softening hard water by the

deposition of a portion of the line, is of

a very simple character, and it has been
successfully adopted in many cases.

Sources of water, proper for use, may
be classed under two distinct heads. 1st.

Those which are afforded by nature in a

state absolutely pure and fit for use,

such as water drawn from wells and
deep-seated springs. 2d. Those derived

from water-courses or gathering grounds
which are open to the atmosphere, and
which must necessarily be exposed to the

risk of contamination from external agen-

cies.

In the case of the former, no works
for storage or purification are necessary,

the stratum of rock or other material

from which the water springs, forming a

natural reservoir and filter.

In the second case, it is necessary (a)

that all direct pollutions shall be pre-

vented from coming into the source ; and
(b) that in almost every instance, efficient

means of filtration should be provided.

The filtration ought, wherever it is found
impossible to altogether prevent the

chance of contamination, to include the

use of some deodorizing agent, of which
there exist more than one capable of

practical application.

As instances may be mentioned the

filtration at Wakefield, where, for many
years, by the use of Spencer's magnetic
carbide of iron, a water very much con-

taminated was rendered perfectly whole-

some ; and that at Antwerp, where Profes-

sor Bischof's spongy iron is employed
with an equally good result.

2. Essential as it is to ensure that the

source of supply is proper for the required

purposes, it is equally essential that the

mode of distribution shall be such as

shall prevent its deterioration before be-

ing used.

To effect this, it is absolutely neces-

sary that the reservoirs, into which the
water is collected for distribution, should
be covered, and that the mains and
pipes should be perfectly air-tight, and
laid at a proper depth below the surface,

so as to preserve the water in its orig-

inal state of purity, and, as much as pos-
sible, at the same temperature, during
its passage from the source to the con-
sumer.

One great cause of the complaints of

the quality of the water in most large

towns, is the use of cisterns for storing

it in the houses, which it is impossible to

employ without the risk of some injurious

effect upon the water.

In the Session 1877-78, two bills were
introduced into Parliament, at the in-

stance of the Metropolitan Board of

Works, for purchasing the undertakings
of the London water companies, and for

providing a separate supply of drinking
water from the chalk. During the ex-

haustive examination of the waters sup-
plied by the companies, made by the
eminent gentleman who so fitly and ably
occupies the chair, Sir Frederick Abel,

assisted by Dr. Dupre, Mr. G. H. Ogs-
ton, Professor Voelcker, and the late able

chemist of the Metropolitan Board, Mr.
Keates, it was found that, whilst the

water delivered in the mains was in al-

most every case excellent, the position

and condition of the cisterns too fre-

quently rendered it utterly unfit for hu-
man consumption. A great number of

cistern deposits from all quarters of Lon-
don were examined by these five gentle-

men, with the general result just stated.

It is scarcely credible that the favorite

place for fixing the cistern, from which
the water for drinking and culinary pur-

poses is drawn is immediately over the

water-closet or next to the dust hole,

whilst even in the better class of houses,

where the cisterns are fixed in the roofs,

they are very rarely sufficiently covered,

and are open to contamination from soot,

dust, inroads of black beetles, and other
abominations. The latest researches of

scientific men show that there is no
more fruitful source of disease that such
a condition of things affords. Although
doubtless, a great deal has been done by
the expansion of the system of constant
service in London and elsewhere to

remedy this frightful evil, the following

extract from Sir F. Bolton's report for
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the month of May shows that there is

still much room for improvement. He
says :

" In the monthly and annual reports

on the metropolitan water supply, atten-

tion is drawn to the necessity which ex-

ists for a regular cleansing of cisterns,

and also to the fact that contamination

of water from gases generated by sewage
is of far more frequent occurrence than is

generally understood. Water pipes from
cisterns are still to be found which are in

direct communication with drains, so

that gases may flow back into the cis-

tern and become absorbed by the water.

To prevent this an overflow pipe should
be brought outside each house and the

end left exposed to the air, instead of be-

ing carried into a drain, as is often the

case. By the adoption of this plan

poisonous effluvia and gases from drains

will be got rid of, which would otherwise

ascend through the pipe, and not only

be partly absorbed by water in cisterns,

but be mixed with the air in the houses,

thereby becoming a cause of disease.
" The attention of consumers has been

drawn to the fact that, in houses supplied

on the constant system, all danger of

drinking stale or contaminated water
from cisterns may readily be avoided if

the following recommendation is carried

into practice, viz., to attach a small draw-
off tap to the communication pipe which
supplies the cistern from the main in the
street, from which water may be drawn
at any moment, day or night, direct from
the works, thereby taking full advantage
of any efforts made by the companies to

purify the water to the utmost extent.

This water should be used for drinking
and cooking, and the contents of cisterns

made use of for washing, flushing, baths,

and similar purposes."

An abstract from these reports of the

water examiner is printed by the com-
panies at the back of the collectors' rate

papers, so that no consumer of water can
now be exonerated from the charge of

negligence if this abuse is allowed to con-

tinue in his house.

3. This consideration naturally leads

up to the third division of the subject,

viz., the conditions under which water
should be used. And first, it is essential

that a constant supply should be given,

without which it is difficult to avoid the

deterioration of the water above alluded
to.

Not only is it impossible to give an
adequate supply by the intermittent sys-

tem without having storage cisterns in

the houses, but there is also a serious

danger of contamination by the possible

admission of foul air or gas into the mains
when the water is turned off. There
have been several instances of a water
supply being seriously affected from this

cause.

But to give constant service it is ab-

solutely necessary, also, that the supply
should be under proper regulations, which
shall ensure the prevention of undue con-

sumption and misuse of the water.

Not only are the difficulties of pro-

viding the supply greatly increased where
waste is allowed to prevail, but the

cost to the community is augmented
without the slightest corresponding bene-

fit to health.

Nothing is more fallacious than the

idea, prevalent among a large section of

consumers of water, that the allowing of

taps and waterclosets to run to waste as-

sists in the flushing and cleansing of the

sewers, and therefore conduces to health.

These continuous dribblings of water can

have no effect whatever in removing any
obstruction or accumulations which may
exist in the large drains. The only

proper and effectual way of removing
fecal matter is so to regulate the use of

water that it shall be proportionate to

the work it has to do at the moment.
Where this is done, by the use of .prop-

erly constructed waterclosets, well-pro-

portioned drains, and by keeping out

from the system of sewers the rainfall on
the streets and houses, the ordinary

quantity supplied to a town is quite suf-

ficient to perform this service without

having recourse to extraordinary means.

The question of dealing with the sewage
of large communities, which is now so

full of difficulty, would be much more
easy of solution if these principles were
more generally acted upon.

For these reasons, it is not desirable

that the supply should be unlimited in

quantity ; on the contrary, every precau-

tion should be taken to make that quan-

tity commensurate with the real wants of

the consumers.
It is quite certain that in almost every

town a very large proportion of the water
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delivered through the mains runs need-

lessly to waste.

To take an example on the largest

scale, the quantity supplied to London,
according to Colonel Sir F. Bolton's re-

turn for the month of May, amounts to

32 gals, per head per day, about 20 per

cent, of which, or say 6 gals., it is esti-

mated is used for other than domestic

purposes, leaving 26 gallons per head as

the quantity supposed to be absolutely

consumed in the houses. Now it has

been ascertained that, on the average, the

water really required is not half this

quantity ; and there is also no doubt
that, by taking proper precautions, the

amount delivered can be made to ap-

proximate very nearly to the actual

use.

At Liverpool, by means of careful in-

spection of fittings, aided by the use of

Deacon's meter, a most ingenious ar-

rangement, by which it is easy to localize,

and therefore detect, waste, the consump-
tion of water has been reduced from 33

to 22 gallons per head per day, and,

within my own experience, the adoption

of the same system has, in six or seven

instances, produced even more satisfac-

tory results.

The waste of water, whether it arises

from leaky joints in the mains and ser-

vice pipes, or from defective fittings in-

side the houses, can only be injurious to

health from the increased humidity which
is thereby imparted to the soil and at-

mosphere, and which, as is well known,
contributes so much to the spread of in-

fectious diseases and the establishment
of epidemics.

At this moment, when we are suffering

to a greater extent than usual from the

contamination of the Thames, owing
partly to the presence of a large quan-
tity of sewage, but also to the abstrac-

tion of so large a proportion of the sum-
mer flow of the river, it is manifest that

the reduction by 33 per cent, of the
amount drawn from and discharged into

the river would go far to ameliorate
the condition of things now complained
of.

Among the different proposals which
have been made for the introduction of a

system which would ensure the preven-
tion of waste, is that of furnishing the
supply by meter. This is open to the
grave objection that, in order to save
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money, people would be tempted to go
to the other extreme, and to content
themselves with an insufficient quantity.

To obviate this, some such arrangement
as that proposed by the writer to the

Select Committee of the House of Com-
mons, over which Mr. Ayrton presided in

1867, might be effectual. The following

extract from the evidence given before

that committee will explain the proposal:

"I think a better method altogether

might be devised of supplying the houses
in London with water—a better system
might be adopted to prevent waste. I

should provide a constant service by
meter, but under different conditions to

any hitherto proposed. I think it could

be designed with perfect fairness to the

water companies and to the consumers.
by making certain arrangements, and the

gener.tl principle upon which I would
propose that what should be done would
be this : that there should be a sliding

scale adapted to the class of house, each

house should have a certain amount of

water allotted to it. I would take a

£100 house, and allot to it 150 gallons

per day, and to a £200 house I would al-

lot 300 gallons of water per day, and so

on, upwards and downwards, provided

that no house should have less than 50
gallons. Let the companies charge the

same rate as they do now for that mini-

mum quantity of water, and if more is

consumed or passes through the meter
the consumer would have to pay for that

additional quantity."

Although at first sight the expense of

the meters would appear to be prohibit-

ive, both the consumer and supplier

would soon be reconciled to the outlay,

the one because he would know what he
was paying in proportion to the water he

received, and the other because they were
only supplying water for which they were
paid.

The consideration of the subject of this

paper would not be complete without a

reference to the important question of

the conservancy of our rivers.

It is useless to discuss the method and
conditions of supply, if the sources of

water are not to be preserved to us, and
it is quite certain that, with the immense
growth of the population of this king-

dom, it will not be long before this

preservation becomes a pressing neces-

sity.
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In the report presented to Parliament
by the Duke of Richmond's Select Com-
mittee on Conservancy Boards, in 1877,

a very workable scheme was recommend-
ed by their Lordships. The Committee
say that

:

" In order to secure uniformity and
completeness of action, each catchment
area should, as a general rule, be placed
under a single body of Conservators, who
should be responsible for maintaining
the river, from its source to its outfall,

in an efficient state. With regard, how-
ever, to tributary streams, the care of

these might be entrusted to district com-
mittees, acting under the general direc-

tions of the conservators ; but near the

point of junction with the principal

stream they should be under the direct

management of the conservators of the
main channel, who should be a repre-

sentative body, constituted of residents

and owners of property within the whole
area of the watershed.''

But although the question of improv-
ing the water supply, by preventing the
pollution of the rivers, was incidentally

mentioned by their Lordships, it is evi-

dent that the main object of the report
was the prevention of floods, and not the

conservancy of water for the supply of

populations. Now, it may well be said

that the one subject is at least as impor-
tant as the other, and just as the recur-

rence of a number of wet seasons at that

time brought the question of the floods

prominently before the Duke of Rich-
mond's Committee, it may safely be as-

serted that a corresponding succession of

dry seasons will compel the serious at-

tention of the Government to the other
part of the subject. We need go no fur-

ther than our metropolis for the proof
of this, for if, in addition to the saving
of water by the prevention of waste, the
flow of the Thames were properly regu-
lated by works in the higher parts of its

watershed, there is no reason why the
river should not be in a condition which,
although leaving very much to be desired
in the way of improvement, would yet be
tolerable, and, according to past ex-

perience, absolutely not injurious to

health.

When presiding over the Mechanical
Section of the meeting of the British As-
sociation, at Dublin, in 1878, on which
occasion the opportunity was taken to

very fully discuss, from a variety of as-

pects, this question of rivers conservancy,
I made a suggestion which, I believe, is

worth repeating at the present time. In
my address to the Section it was stated :

"When it is considered that many
lives are annually sacrificed, either direct-

ly by the action of floods, or by the indi-

rect but no less fatal influence of imper-
fect drainage—when it is remembered
that a heavy flood, such as that of last

year, or that of the summer of 1875, en-

tails a monetary loss of several millions

sterling in the three kingdoms ; that dur-
ing every year a quantity of water flows
to waste, representing an available motive
power worth certainly not less than some
.hundreds of thousands of pounds ; that

there is a constant annual expenditure of

enormous amounts for removing debris

from navigable channels, the accumula-
tion of which could be mainly if not en-

tirely prevented ; that the supply of food
to our rapidly growing population, de-

pendent as it is at present upon sources
outside the country, would be enormous-
ly increased by an adequate protection of

the fisheries ; that the same supply would
be further greatly increased by the extra

production of the land, when increased
facilities for drainage are afforded ; that,

above all, the problem of our national

water supply, to which public attention

has of late been drawn by H.R.H. the
Prince of Wales, requires for its solution

investigations of the widest possible na-

ture, I believe it will be allowed that the
question, as a whole, of the management
of rivers is of sufficient importance to

make it worthy of being dealt with by
new laws to be framed in its exclusive be-

half.

" A new department should be created

— one not only endowed with powers
analogous to those of the Local Govern-
ment Board, but charged with the duty
of collecting and digesting for use, all the

facts and knowledge necessary for a due
comprehension and satisfactory dealing

with every river-basin or watershed area

in the United Kingdom— a department
which should be presided over, if not by
a Cabinet Minister, at all events by a
member of the Government who can be
appealed to in Parliament."

It is earnestly to be hoped that no fur-

ther time will be lost in passing an Act
to deal with this subject, and that no
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considerations of a party or private na-

ture will be allowed to prevent a scheme
of so important and imperial a character
being made as complete and comprehen-
sive as possible.

In conclusion, as I commenced by
saying1

, I have not attempted to say any-

thing new; indeed the subject has al-

ready been in the hands of far abler ex-

ponents than myself; especially would I

refer to Dr. Frankland's very able and
comprehensive Sixth Report of the Rivers
Pollution Commission, the careful study
of which is recommended to everybody
who wishes to master the details of the
question.

SPONTANEOUS COMBUSTION IN COLLIERIES.
By -. DURAND.

From Selected Papers of the Institution of Civil Engineers.

Causes.—The primary causes of fires

breaking out in collieries where the coal

is contaminated with pyrites are believed

by the author, who is engineer of the
Doyet Collieries, f in the department of

Alier, France, to be the three following

:

Oxidation of pyrites, friction from slip-

pings, and warmth of air current. Ex-
periments made by Mr. Fayol have
shown that above ground a heap of Com-
mentry small coal, presenting to the air

a surface of not more than about If
square yard per cubic yard, will, if once
it gets heated to a temperature that lies

somewhere between 140° and 212° Fah-
renheit, go on heating more and more
till at length it takes fire.

Pyrite met with in coal-seams is either

amorphous or crystalline, and occurs in

the shape of nodules, flakes, bunches or
veins, while sometimes it is so finely dis-

seminated throughout the coal as to be
invisible. In dry air and at low temper-
atures it does not oxidize ; but its dis-

semination through coal or shale gives
it a more porous character than apper-
tains to it by itself, and in almost all

cases it oxidizes in moist air and becomes
converted into sulphate of iron, the ex-

cess of sulphur being set free. The
heat develojDed by the oxidation is fur-

ther augmented, where there is sufficient

moisture present, by the subsequent
conversion of the sulphate of iron into

hyposulphate, with liberation of sulphu-

* The original article appeared in " Bulletin de la
Societe de l'lndustrie Minerale," 1883, vol. xii., pp.
43-89,

t It will be borne in mind that in many of the collier-
ies in the Midland and other coalfields of France the
seams are not only of great thickness, sometimes even
more than 20 yards, but are also inclined at steep an-
gles, sometimes nearly vertical.—A.B. *

ric acid, which, when mixed with one-

quarter its weight of water, rises to the

temperature of 220° Fahrenheit. Va-
rious other chemical actions also con-

duce to the development of heat ; while
there is no absorption of heat by the

formation of any gas during the oxida-

tion of the pyrites. At Doyet Collieries

the roof over the thick seam of coal is

composed in some places of fine shaly

sandstone containing pyrites ; and near
the outcrop, where cracks have occurred
in the roof, the moisture from the sur-

face and the air from the mine, pene-
trating into them, have caused the
roof to get red hot, and to set fire some-
times to the timber props. A mere
bunch of pyrites, however small, occur-

ring either in the coal itself or in a shale

parting, is quite sufficient to serve as a

lucifer match for starting a conflagration.

The sulphur liberated by decomposition
of pyrites burns at 180° Fahrenheit, and
any sulpho-carbons which may also be
formed burn at about 660° Fahrenheit

;

whilst the hydro-carbons of coal will not
burn below 930° Fahrenheit at least.

Hence pyrites, as furnishing the most in-

flammable products, are really what give

the start to a fire.

Where pillars of coal become cracked
and crushed under the pressure of the
roof, slippings occur, producing consid-

erable friction, which develops corre-

sponding heat : aud, as the surfaces

sliding past each other are uneven, the
friction and heat are concentrated upon
the prominences in contact. The heat
thus becomes sufficient not merely to ac-

celerate the action of pyrites, but pos-
sibly to ignite coal seemingly free from
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pyrites, even anthracite hard to burn. In
the open working at the outcrop at Doyet
the coal has been set on fire by a sudden
slip of the ground above.

An air current that was warmed by un-

condensed steam discharged from an un-

derground engine at Doyet caused a little

small coal, which had accumulated
against some timbering, to get so hot

that the timber took fire after the engine
had been at work rather more than three

months. In return air-drifts the crushed
coal in the roof is particularly liable to

heat under the influence of the warm
and moist current.

In seams free from pyrites the author
believes oxidation of the hydro-carbons on
exposure to air cannot develop heat

enough to ignite the coal, and the only

way in which he can account for spon-

taneous combustion in such coal is by
the presence of dust or fine slack in the

midst of any heaps that are found to be
\

heating. Dust and fine slack he consid-

ers capable of exerting a condensing
power upon the combustible gases that

are ready to escape from bituminous or
j

gaseous coal, and also upon the oxygen
of the air ; and the heat so developed
may become sufficient to fire the gas, and
thereby the coal.

"While, therefore, spontaneous combus-
tion may occur in any colliery, whether
the coal contain pyrites or not, it is more
particularly in seams of caking coal, con-

j

taining pyrites that, as the workings pro-

1

gress, the pillars left standing grow hot
rapidly, under the combined action of

j

oxidation of pyrites, pressure and subsi-

dence of roof, and oxidation of hydro-
carbons through condensing power of

dust. It is the pyrites, however, which,

wherever present in any appreciable

quantity, play the principal part in start-

ing ignition, and thus constitute the
primary cause of fire ; the other causes
are then but secondary, although they
may so far supplement the start thus
given as to make a seam containing but
little pyrites appear readier to fire than
one containing much more.

Development.—The development of

spontaneous combustion is considered
by the author firstly in the case of masses
of coal, such as pillars left in working.
Really solid pillars never fire ; those that
do are always fissured with numerous
cracks, and are more or less crushed.

Outbreaks of fire are encouraged by the

presence of any coal crushed small,

which, in its finely subdivided state, pro-

motes the chemical actions that induce
heating. Fire first smoulders at the bot-

tom of the innumerable cracks by which
the pillars have become fissured under
the crushing load they have to support

;

then the walls of the cracks get red hot
and burn, sometimes bursting suddenly
into flame where the previous heating

has covered them with bituminous mat-
ter. The tarry smell thus occasioned

often betrays the existence of fire before

it has become visible ; and so difficult is

it to find its actual seat, that often it is

not discovered until it has crept outward
towards the air current at the mouth of

the chinks, and has ignited the crushed
coal behind the timbering of the roads,

and then the timbering itself. The dan-

ger is augmented wherever there are

timbered excavations overhead ; and still

more wherever a timber drift has been
pushed forward under a mass of crushed
coal overhead. Through such a mass
air circulates easily, heat and moist-

ure collect there, and fire breaks out

quicker than where the overhead coal has

been got out previously.

Wherever crushed coal can be har-

bored on or amongst the rubbish that is

jDacked into the goaf, fire is sure sooner

or later to break out. It begins at

some distance in from the roads, and
creeps out gradually towards them, ig-

niting on the way any timber that may
have been left buried in the gob-packing

;

the ijungent wood smoke gives immedi-

ate warning of the fire.

Pillars purposely left unworked, either

for maintaining a shaft or because the

coal in them is not good enough, are

also liable to take fire. The road bears

unevenly around them, they crush and
crack under it, and small crushed coal ac-

cumulates next to the gob-packing ; the

heavier the pressure the sooner do the

pillars heat and fire. Similar circum-

stances occur where a nip in the seam
stops the getting of coal.

Where the goaf is not packed with

rubbish, but the ground is left to fall in,

there is certain to be fire if any crushed

coal is left behind. The danger is liable

to be enhanced by accumulation of explo-

sive gas in the large cavities ; as is the

case also wherever cavities result from
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settlement of rubbish packed in the

goaf.

As to collieries being set on fire from
a lamp or an explosion of fire-damp,

the author considers this can only occur

where the mass so ignited has got very

hot beforehand, and is ready to catch fire

in a moment. An explosion, moreover,

throws down a lot of coal that will easily

take fire, besides shaking and splitting

the pillars, and so rendering them more
ready to ignite.

Hard seams of caking coal, containing

much gas and pyrites, are the most liable

to spontaneous combustion. In very
fiery seams the author has noticed that

heating occurs generally in the dampest
places, or along return air ways when
the air is warm and moist. Where a

pillar of bad coal had stood without heat-

ing for seven years at the foot of an in-

cline in a current of fresh air from the

downcast shaft, an alteration in the venti-

lation exposed it to the return current of

warm moist air, and it then got so hot in

two months as to necessitate its speedy
removal ; by the time it could be worked,
it was already too hot to touch in some
places.

The nature of the roof tells variably.

In some collieries fire is found to break
out more readily under a roof of tender
shale than under one of thick, hard sand-

stone. At Doyet, on the contrary, the

thick sandstone roof, settling unevenly
after the workings, leaves roof cavities,

in which air circulates and encourages
heating ; while in places where a ceil-

ing of shale separates the coal from the
thick sandstone, the shale falls, and no
dangerous cavities are left.

Coal or rubbish tipped in heaps above
ground from the pit mouth is liable to

heat and fire by oxidation under the ac-

tion of the air and wet, wherever the
smaller stuff that collects at the top of

the heap is combustible enough. The
fire breaks out first a little below the top,

on the side most exposed to the wind
;

and spreads thence throughout the en-

tire tip. It is sometimes started direct

from the braziers burning at the pit-

mouth to light the landing of the cages
;

the tip then ignites first at the top,

whence the fire spreads downwards and
laterally.

Prevention.—If the coal in a seam
could only be preserved from getting

crushed and fissured by increased press-

ure in working, or at any rate if all ac-

cess of air could be cut off from it when
so injured, its spontaneous combustion
would be prevented. In the rare cases

of quarrying an outcrop, the coal, as long
as the over burden can be removed, can
be worked in successive courses or steps

from the top of the seam downwards,
and can thus be got whole throughout
the entire thickness of the seam. If the

over burden be sent down the pit to

serve as rubbish for packing the goaf in

underground workings progressing simul-

taneously, the open-air working can be
continued to a somewhat greater depth :

at the risk, however, of finding that the

deeper coal so reached has been already

injured by settlement due to the under-
ground operations.

When coal is got underground in suc-

cessive courses or steps, one below an-

other from the top downwards, no pack-
ing in the goaf, not even were it masonry,
will entirely prevent settlement of the

superincumbent mass, whereby the coal

in the lower and later-worked steps is al-

ways more or less crushed. A partial

remedy consists either in packing with
rubbish of a clayey nature, which con-

solidates into a more compact mass ; or

in leaving a sufficient thickness of coal

underneath the packing of the goaf in

the topmost course, and afterwards get-

ting out as much as possible of this

thickness, by working backwards below
it and packing the goaf of the lower
working also ; or again, in timbering the

floor of each course so thoroughly as to

form, a roof for the subsequent working
of the next course below. But these

methods, besides being costly and yield-

ing a low output with a large proportion

of small coal, are not always successful

in obviating spontaneous combustion

;

still less so when the goaf is not packed
at all, but is left to fall in.

What has to be guarded against is an
actual outbreak of fire ; so long as the

coal is merely heating, the small quantity

of noxious gas given off hardly matters.

and the only drawback is that the work-
ings sometimes get inconveniently hot

for the men. The longer all risk of firing

can be staved off, the more possible will

it be to adopt the mode of working that

will yield the largest output at the lowest

cost, namely, in seams inclined at steep
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angles, by laying out the workings in

successive stages or panels of great

height (measured up the slope), which
entails less expense for the preparatory
operations of laying tkeru open ; several

of these stages are then worked sim-

ultaneously, the getting of the coal being
proceeded with in each stage from the

bottom upwards, by a succession of hori-

zontal courses or excavations. By this

method the bottom courses in each panel
feel the roof-pressure least, and yield a

great quantity of large coal, which is

won without difficulty, and with less risk

of heating and firing. But in the up-
permost courses the coal gets more or

less crushed by the augmented pressure

;

hence, to avoid fire there must be some
limit to the total height of each panel, or
rather to the number of courses con-
tained in it, the bottom courses being of

greater height than the upper. In a
thick and well stratified seam of strong
coal, containing not many partings, and
inclined between 14° and 30° to the
horizon, the total height of each panel
may be 26 yards, measured up the slope,

and the height of the bottom course 8
yards. But in the main seam at Doyet,
which, though hard, is of variable qual-

ity and too liable to fire, the height of

the courses is only that of a singe tier

of timber props, say 2 to 3 yards. Here
four courses can be got, and a fifth

started, without any fire having broken
out ; only no course must take more than
six months in getting, and all the goaf
must be thoroughly filled in. Quick get-

ting is indispensable for avoiding fire in

seams that tire readily. Usually by the
time the fifth course is reached, the
broken coal it contains is already hot,

and great care is needed to prevent its

burning whilst getting ; hence five

courses would seem to be the general
limit for the height of a panel. As soon
as the third course from the bottom is

being got in any panel, the getting can
be started of the bottom course in the
next panel below ; if the woi'king of the
lower panel were begun sooner, that of

the upper would be endangered by settle-

ments.
Alike in laying out the roads and in

getting the coal, care must be taken to

avoid the formation of roof cavities,

from which start cracks that radiate
through the seam ; such cavities are

most liable to occur at junctions of roads,

and are to be guarded against by careful

timbering, which must be well watched.
Large cavities occurring in spite of these

precautions should be cleared out, and
then thoroughly filled in with good pack-
ing of small rubbish brought from
above ground. Where gob roads have
to be kept open for working or ventila-

tion, they should either be shifted so as

not to run through the middle of the

goaf, but along its margin ; or else they
should be waUed thick enough with good
packing impervious to air and moisture,

particularly when used as airways. They
: should be kept at a safe distance from

j

any crushed pillars that have been aban-

!
doned in working.
The advantages of packing the goaf

with rubbish are, that the workings are

thereby kept cooler, settlements are less

expansive, pillars get less crushed, and
are therefore less liable to heating, and
fewer dangerous roof cavities occur in

which an outbreak of fire would be diffi-

cult to extinguish. In packing com-
posed of friable stuff, the smaller bits fill

up the spaces between the larger; and,

if of a somewhat clayey consistency, the

whole compacts under the load into a

solid mass impervious to air. Good
packing of this kind should always be
used in the bottom courses of each

panel ; then by the time the top course

is reached in the next panel below, the

coal will there be got under a roof as

compact as solid sandstone.

Spoil got from stone-drifts should not

be used for packing the goaf ; the large

blocks of stone are too hard to crush

under any settlement overhead, and air

can pass too freely amongst them. In
working a panel where the bottom course

; had been wholly packed with spoil got
from sinking a shaft and from driving

1

stone-drifts, notwithstanding that the

spoil itself was incapable of heating, the

author found that pillars of considerable

size, which had been left behind in the

midst of this spoil because not worth
getting, grew hot so rapidly as to be
taking fire by the time the second course

was finished and the third begun. It

was only by then surrounding this dan-

gerous goaf with small rubbish carefully

rammed in, that the winning of the coal

could be finished to the top of the panel.

Some years later, when the working of
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the next panel below came in under the

same place, similar trouble from heating

had to be encountered. Hence the au-

thor regards any spoil got underground
as so bad for packing the goaf, that it

should never be used unless the precau-

tions are taken to pick out of it all stuff

that could burn, and even then to keep it

clear of contact with any masses that

can heat. It is indeed by no means a

dead loss to send up all such spoil to

bank and throw it over the tips, where
after two or three years' exposure to the

atmosphere it may, if meanwhile pre-

vented from burning, become good
enough to send down again into the pit

for use as packing.

The best packing of all consists of

loamy earth, and surface strata more or

less disintegrated • the former is neces-

sary wherever access of air has to be
stopped at once without waiting for the

roof to settle down heavily upon the
packing. "Where the goaf is well packed
with good stuff, the timbers, whether up-
right props or roof slabs, can be left be-

hind to become crushed by the load and
buried in the packing ; otherwise they
should be removed, even if only partially,

as a precaution against fire. By way of

rendering the rubbish tips at the surface

sooner ready for use as packing, it is

sometimes thought desirable to let them
burn as freely as may be. But this

opinion is not shared by the author, who
considers that not only will a tip take a

very long time to burn through to the
middle, but that, after the fire has all

burnt itself out, the ashy stuff will be
too light, too dusty, too hot, and not
binding enough, to be suitable for send-
ing underground. Nevertheless even
such burnt rubbish is preferable to spoil

got underground and packed there at

once.

Ventilation by a forced current of air

under pressure has been found by the
author to be favorable to spontaneous
combustion. Whether compression or

exhaustion be employed, the greater the
difference of pressure between the en-

tering and the return air-currents, the
more readily will the air penetrate
cracked and crushed coal, and thereby
promote heating and fii'ing. In this re-

spect, sharp turnings or narrowing of

roads, and air-doors situated in a strong
current, in the midst of crushed pillars

or badly packed rubbish, are sources of

danger, as are also inclines rising steep,

and upcast pits. Hence, wherever an in-

let air-way runs at all near a return air-

way, the intervening pillars or ribs of

seemingly solid coal require specially

careful watching.

The coolness of the ah' current is prac-

tically of no value for preventing, though
it may somewhat retard, the heating of

cracked pillars, or of broken coal that

has fallen from roof cavities or elsewhere.

In a colliery where an old drift 4|-

yards long, from a shaft to an inlet air-

way, had been closed with rubbish care-

fully packed, the subsequent settlement

of the packing had left a space above,

into which a little crushed coal had fallen

from the roof; the coolness of the in-

going air did not prevent this slack from
heating and beginning to burn; and it

had to be all cleared out, and earth ram-
med in its place.

A return air-current should never have
to go downhill, otherwise it accumulates
heat and moisture at the upper end of

the descent, thereby favoring spontaneous
combustion at that place. Where distant

workings are liable to be insufficiently

ventilated, owing to negligence in main-
taining former roads, now used as air-

ways only, fresh air should be supplied
direct to them, either by splitting the
main ingoing current, or by sinking a

new shaft from the surface. It is better

to split the air than to course a single

current through too great a length, be-

cause the latter means greater difference

of pressure, attained with more risk of

fire.

At the Doyet collieries, wherever the

seam is not thick enough to work by the

foregoing method of horizontal courses,

and where the expense of laying out the

workings on that method would be too

great, the plan is followed of getting the

coal in inclined courses, that is by push-
ing the working faces forwards uphill

along the slope of the seam, instead of

horizontally along its strike. The uphill

courses however are more difficult to

keep open, and are liable to worse falls

;

each course takes longer to get, so that

the surrounding crushed coal runs
greater risk of heating. And this risk

is further enhanced by the augmented
draught consequent upon the air-current

passing up the slope from the lower to
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the upper end of the course ; hence,
fire breaks out more readily, while it is

also more difficult to contend with on
the slope than in horizontal workings.
On the other hand, the rather larger

quantity of packing used in uphill than in

horizontal courses is an advantage against
fire.

Firing of slack-heaps above ground
can be effectually obviated, in the au-

thor's opinion, only by completely pre-
cluding all penetration of air into them.
To ventilate them, with the idea of keep-
ing them cool, he considers as ineffectual

and as dangerous as to let air penetrate
crushed coal in the pit. From experi-

ence of its success in smothering fires

on the sloping banks of out-crop work-
ings, he recommends the expedient of

covering the slack-heaps with a layer of

refuse slimes from the coal-washers,

such a covering, being coaly and not
clayey, does not set hard and crack, but
follows readily any subsidence of the
stuff beneath it. A layer 12 inches

thick he believes would be an ample pro-

tection against firing, or even heating

;

and he suggests that on shipboard spon-
taneous combustion in coal cargoes might
be altogether obviated by a layer 6
inches thick, the coal being so stowed as

to prevent the covering of slimes from
disappearing into the interstices. To
prevent spoil-tips from firing, the stuff

should be tipped in a layer too thin to

heat under the action of the air ; and
should be left long enough exposed, be-

fore tipping the next layer over it ; if it

be also freed beforehand from all that

can be utilized, so much the better coal.

THE BAROMETER AND THE WEATHER.
ABSTRACT OF A MANUAL ISSUED BY THE AUTHORITY OF THE METEORO-

LOGICAL COUNCIL.

From the " Nautical Magazine."

The Atlantic Ocean will supply types
of the winds usually met with in other

seas. An area of high pressure occurs in

the North Atlantic between the parallels

of 30° and 40° north, and according to

Buys Ballot's law, the wind draws round
it, being northerly on its eastern, easterly

on its southern, southerly on its western,

and westerly on its northern side.

A seaman, therefore, outward bound
from England, say, to the Cape of Good
Hope, passes from the north-east to the
east and south-east side of an area of

high pressure lying to the westward of

him, and as he approaches the coast of

Portugal, the wind very generally comes
from north-west, gradually shifting to

north and north-east as he proceeds to

the southward.
On the other hand, when a homeward-

bound ship approaches the northern
verge of the N. E. Trades, she finds that
the wind draws to the eastward, with a

rising barometer. As the area of highest
pressure is reached the barometer ceases
to rise, and the wind dies away. These
are the dreaded " calms," or, as Maury

calls them, "Doldrums of Cancer." There
being no difference of pressure there. is

no wind, and these calms coincide with a

large area of high and even pressure,

where a ship will experience little or no
wind until she has crept to a part of the
sea where the pressure commences to de-

crease.

If, as occasionally happens, it is found
that the N. E. Trade gradually turns into

a S. E., S., and S. W. wind, it will be un-
derstood, from what has already been
said, that a vessel experiencing these

changes has passed round the S. W., W.,
and N.W. sides of this area of high press-

ure, thereby avoiding the region of calms
altogether.

There is a similar area of high pressure
in the South Atlantic, with a correspond-
ing circulation of the wind round it.

The homeward-bound ship, after round-
ing the Cape of Good Hope, is at the

polar edge of the S. E. Trade on the

eastern side of the South Atlantic, just

as the outward-bound ship is at the polar

edge of the N. E. Trade when off the

coast of -Portugal, and the first wind she
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experiences is from S. W., changing to S.

and 8. E. as she proceeds to the north-

ward, which (according to Buys Ballot's

law, when applied to the southern hemi-

sphere), shows that she has passed along

the S. E., E., and N. E. sides of an area

of high pressure.

Again, the outward-bound ship, as she

draws towards the southern verge of the

S. E. Trades on the western side of the

South Atlantic, very generally experiences

changes of wind to N. E., N, and N. W.,

which are the winds met with in the

southern hemisphere on the N. W., W.,

and S. W. sides of an area of high press-

ure, corresponding to the winds already

noticed as being experienced on the

western side of the North Atlantic.

Areas of high barometrical pressure

occur in many other parts of the ocean,

similar to those of the Atlantic, and cor-

responding winds circulate round them.

CYCLONIC GALES OF THE TEMPERATE ZONES.

The great currents of the atmosphere,

which give rise to the prevailing winds,

are thus seen to be regulated by the po-

sitions of the permanent areas of high

and low pressure, and in these currents,

subsidiary areas of low pressure make
their appearance, and are carried along

with them, and these traveling areas fre-

quently give rise to gales.

In the temperate zone of the North
Atlantic these gales, which almost invari-

ably travel to the eastward with the pre-

vailing atmospheric current from the

west, generally commence at S. and end
at "W. or N. W., with little or no E. wind.

The probable reason of this is that the

areas of low pressure to which they are

related have steep gradients only on their

E., S. E., S., and S. W. sides, there being
little or no diffrrence of pressure between
their center and the more permanent de-

pression which lies to the north of them.
The ordinary gales of high southern

latitudes are similar in character to those

of the northern hemisphere. They also

accompany areas of low pressure travel-

ing to the eastward, and considering

that an equatorial wind is here north
instead of south, the winds are similar,

for they commence at N., and end at W.
or S. W., with little or no easterly wind,

probably because the pressure to the S.

is so much lower than that to the N. of

the tract in which they occur.

The cyclonic storms of the Temperate
Zones do not often present the phenom-
ena of a central calm, with the winds

blowing from nearly opposite directions

on each side of it. There is, therefore,

not so much risk of being taken aback

as in the tropical cyclones; but it is ad-

visable for a captain to know on which

tack it will be safest to lie-to if obliged

to do so, and this will be the same as

that for the cyclones of the respective

hemispheres.
The most serious sudden shift of wind

which is to be expected in these storms
is that from south-west to north-west in

the northern hemisphere, or from north-

west to south-west in the southern. This

is generally accompanied by heavy rain

or hail, with thunder and lightning, while

the temperature falls several degrees with

the first blast of north-west or south-west

wind, as the case may be, according to

the hemisphere.

In considering how to act in such cir-

cumstances, there are two matters to

which the seaman's attention should be
directed, as they seriously affect the con-

clusions he should draw from his barom-
eter readings.

The first is that on the one tack his

barometer has a tendency to rise, on the

other it has a tendency to fall. The tack

of rising barometer is the starboard in

the northern, the port in the southern

hemisphere. This may be explained as

follows :

—

According to Buys Ballot's Law in the

northern hemisphere the lower barometer
is on your left when your back is turned

to the wind, and as when you are thus

placed a ship on the starboard-tack is ad-

vancing towards your right, she goes to-

wards the higher barometer and recedes

from the lower. In the southern hemi-

sphere this is reversed, and the ship on
the port-tack advances towards the higher

and leaves the lower barometer.
But this rule will only be strictly ap-

plicable so long as no change takes place

in the barometric pressure, and it may so

happen that a high pressure towards
which the ship is going may be receding

from her faster than she sails, and a low-

er pressure may be coming up astern and
overtaking her ; or it may be that a lower
pressure towards which the ship is sail-

ing may be moving away faster than she

sails. Still the inliuenee of the tack must
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always be felt, and on the whole it may
be said that in the northern hemisphere,

a rising barometer on the starboard-tack

is not sufficient indication of improving
weather, and other signs should be looked

for before trusting it. In all cases for

the northern hemisphere a rising barom-
eter on the port-tack is a valuable indica-

tion of improving weather, while a falling

barometer on the starboard-tack is an
important warning in the other direction.

This order is reversed in the southern
hemisphere.

The second point to consider is the re-

lation which the course and the speed of

the ship bear to the tracks and progress

of the areas of low barometric pressure

and their corresponding wind-systems, in

parts of the sea where the general tracks

of storms are known. This will be easily

done by taking, as an illustration, the

case of a steamer traversing the North
Atlantic between England and America,

where storms generally move in an east-

erly direction.

If a storm is advancing eastwards at

the rate of, say, twenty miles an hour,

and if the ship is steaming at the aver-

age rate of, say, ten miles an hour, the

result will be that when going westward
the ship will have a relative rate of mo-
tion towards the storm of thirty miles an
hour, but when going eastward, of only

ten miles an hour.

In other words, ships when outward
bound across the Atlantic meet the ad-

vancing storm systems, which commonly
travel from west to east, and when home-
ward bound run with them, consequently
the rapidity with which the barometer
falls or rises and the wind shifts is pro-

portionately greater in the former case

than in the latter.

GALES OF THE NOETH TEMPERATE ZONE.

The ordinary gales of the north Tem-
perate Zone commence at S. E. or S. and
end at W. or N. W. If a ship in these

latitudes experiences a fresh S. or S. E.

wind, with a relatively high temperature
and falling barometer, Buys Ballot's law
shows that there is an area of low press-

ure to the W. or S. W. of her ; and it is

probably traveling to the E. or N. E.
Experience shows that whether the ship
be hove-to or stands to the westward, the
barometer will fall until the wind shifts

to the westward (which generally hap-

pens during a heavy shower of rain, to-

gether with a sudden fall of temperature),
when the barometer will probably rise as

fast as it jn-eviously fell, and a strong N.
"W. wind will set in.

From what has been said it will be
clear to the navigator that in northern
latitudes, at the setting in of a southerly

wind, a sailing ship as well as a steamer
bound to the westward will, by her course
and speed, cause the barometer to fall

quicker than if she hove-to or stood to

the eastward, so that in this case also the

state of the sea and other appearances
ought to be considered, or her captain

may be led to anticipate worse weather
than is really coming.

"With a southerly wind, and falling

barometer, a ship bound to the westward
might gain by running to the northward
with the object of causing the wind to

back to the eastward, but the type of

gale in which this is possible resembles a

cyclone, and does not represent the ordi-

nary gales of these latitudes which begin

at S. and end at W. or N. W. Again, it

might be possible for a ship, with the

first of the southerly wind which exists

on the east side of the area of low press-

ure, to get less wind by running to the

north, but as the extent in latitude of the

cyclone area is not known, and as there is

no certainty that she would get into more
moderate weather by doing so, she might
do herself more harm than good.

It seems, then, probable that a ship

bound to the southward or westward
must face one of these gales if she meets
it. A weak ship, whose object is to stem
the sea and get safely through, without

considering progress, should he- to on the

starboard- tack, as the wind generally

shifts from S. to S.W., W. and N.W.
This would of course be the best plan

for any ship which found the gale too
i heavy for her. But a well-conditioned

ship, bound to the westward, may
keep on the port-tack until the wind
shifts to west with a rising barometer,

' and then tack to the south-westward.

This plan would, of course, tend to bring

her into the trough of the sea, and she

would be more likely to be caught aback
< as the wind changed, but we are assum-
ing that her captain will be prepared to

meet these risks.

When the wind has shifted to N.W.

J

the starboard-tack takes her away from
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the center of such a disturbance, though
she may soon sail into the southerly wind
of the eastern side of another low-press-

ure-area coming toward her. This would
be a very common occurrence in winter.

GALES OF THE SOUTH TEMPERATE ZONE.

The prevailing gales of high southern
latitudes resemble those of northern, and
in describing them it is only requisite to

remember that there north and south
change places. For instance, as a ship

bound to Australia gets into 40° S., "the
Roaring Forties,''she experiences a series

of gales which, commencing at N. or N.E.,

end at W. or S.W. Now with a norther-
ly wind in the southern hemisphere there

is a low pressure to the westward, and
the way in which the wind usually changes
proves that those areas of low pressure
are also traveling to the eastward. Ships
which keep a steady westerly wind for

days, as they run to the eastward in high
southern latitudes, are probably keeping
company with one of these areas of low
pressure, and if they had hove-to or com-
menced beating to the westward they also

would have experienced many changes,
just in the same manner as our steamers
bound to America do, whilst those from
America frequently keep a steady barome-
ter and westerly wind for days. This re-

ceives abundant confirmation from the
frequency of the barometrical oscillations

and changes of wind, experienced by
ships bound to the westward, in rounding
either the Cape of Good Hope or Cape
Horn.
The best method for dealing with a

heavy gale, or with a weak ship in an
ordinary gale, is reversed for high south-
ern latitudes ; there the port is the "com-
ing up " tack, which enables her to stem
the sea, as the wind usually shifts from
N. by N. W. to S.W., and the port-tack
with a S.W. wind takes her away from
the low pressure to which the wind is re-

lated, though of course it may, and in the
winter months most probably will, soon
take her into the northerly wind of the

eastern side of another low pressure com-
ing towards her.

For a ship beating to the westward, of

course the best progress is made by keep-
ing on the starboard-tack with the wind
N. and N.W. until it shifts to W. and
S.W., when she ought to tack to the
north-westward ; but it will be seen that,

as in the best method for making prog-
ress to the westward in high northern
latitudes, the ship will be headed off, and
get into the trough of the sea ; she will

also be more liable to be taken aback, as

the wind changes, than if she were on the

port-tack.

Tropical Storms.
hurricanes, typhoons, or cyclones of

tropical seas.

Of all atmospheric disturbances, of the

approach of which the barometer can sup-

ply indications, and the dangers of which
it may enable the seaman to avoid, by
giving him warning of their proximity
and position, the most serious are the re-

volving storms of the tropics.

These storms, all of which may be
properly termed cyclones, occur in the

three great oceans, the Atlantic, Pacific,

and Indian Oceans ; but they are seldom
experienced within 5° or 6° of the Equa-
tor, and have not been traced into very
high latitudes. They appear to be most
freqaent and most severe in the West
Indies, in the vicinity of Mauritius, in

the Bay of Bengal, and in the China Seas ;

and in these seas they are most prevalent

during the months following the summer
solstice, or in other words, from July to

October, in the northern hemisphere, and
in the southern from December to April.

In the Arabian Sea and in the Bay of

Bengal cyclones occur most frequently

from April to June, and in October, No-
vember, and the beginning of December.*

* Table of Recorded Hurricanes, Cyclones and Typhoons, in Various Parts of the VToeld.
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They are commonly known as hurricanes

in the West Indies ; cyclones in the In-

dian Ocean ; and typhoons in the China
Seas.

The space over which these storms

have been known to expand themselves

varies from twenty or thirty miles to some
hundreds of miles in diameter ; the wind
blowing with an ever varying- force, now
lulling into little more than a strong

breeze, and as the center is approached
often rising into a blast of irresistable

fury.

It is an invariable characteristic of their

revolution, that the gyration of the storm
field takes place in one direction ; in the

northern hemisphere in the opposite di-

rection to the hands of a watch, and in

the southern hemisphere with the hands
of a watch. The knowledge of this law
is the more important, as it riot only sup-

plies the seaman with direct means of

distinguishing these storms from gales in

which the direction of the wind varies

little if at all, but it reveals to him the

position of the center or vortex with re-

spect to the place of his vessel, and there-

fore points out the way to avoid it, and
so to escape from the region of greatest

danger, where the fury of the wind is

most extreme, the changes of its direction

most sudden and the sea most to be
dreaded.

In the Atlantic and South Indian Ocean
these storms commence to the eastward

;

for some days they travel along a path
not exactly west, but inclining a point or

two towards the pole of that hemisphere
which they are crossing ; and as they ad-

vance they seem more inclined to curve
away from the equator. When they reach
the 25th degree of latitude, they gener-
ally curve still more, until they move to
the N. E. in the northern hemisphere, and
to the S. E. in the southern hemisphere.
The Atlantic storms almost always wheel
round to the northward in the Mexican
Gulf, or in its vicinity, and follow the
sea-board of North America.
The cyclones of the Bay of Bengal

appear to originate near the Andaman
Islands, those of the Arabian Sea near
the Lacadives. These generally travel to

the westward and north-westward, the
former sometimes crossing the Indian
Peninsula, sometimes passing off over
Bengal, and curving back to the east-

ward. The typhoons of the China Seas

commonly take a westerly or north-west-

erly course.

The rate of movement of these storms,

though variable, may be averaged at 300
miles a day in the West Indies ; in the

Arabian Sea, in the Bay of Bengal, and in

the China Sea, 200 miles a day ; whilst in

the Southern Indian Ocean their rates

vary from fifty to 200 miles a day.

The indications of the approach of a

revolving storm are the usual ugly and
threatening appearance of the weather
which forebodes most storms, and the

increasing number and severity of the

gusts with the rising of the wind. These
signs are in some cases preceded by a long
heavy swell, and confused sea, which
comes from the direction in which the

storm is approaching, and travels more
rapidly than the storm center.

The best and surest of all warnings,

however, will be found in the barometer.

In every case there is great barometric

disturbance, the barometer at the centers

of some of the storms standing fully two
inches lower than outside the storm field.

Accordingly if the barometer falls rapid-

ly, or even if the regularity of its diurnal

variation be interrupted, danger may be
apprehended.
The first care of a master of a vessel

caught in a cyclone will be to find how
the center bears from him. In the north-

ern hemisphere let him, facing the wind,

take eight points to the right of the di-

rection of the wind, and that will be the

approximate bearing of the center ; in the

southern hemisphere take eight points to

the left. Thus, in the northern hemisphere
with the wind from N. E., the center will

bear S. E., and in the southern hemi-
sphere with the wind from N.W., the

center will bear S.W.
In the present discussion, the motion

of the wind in a cyclone will, for the sake

of simplicit * , be treated as approximate-

ly circular". But this is not strictly the

case, and there is evidence to show that

frequently in some parts of the storm-
field there is more or less indraft. At a

considerable distance from the center, and
before the barometer shall have fallen

much below its normal value, the center

may bear 10 or 12 points from the direc-

tion of the wind (reckoned to the right

or left according to the hemisphere) ; but
after the barometer has fallen Jive or six-

tenths of an inch it is probable that the
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wind then blowing- forms part of the cen-

tral storm circle, and the bearing of the

center may be taken as eight points from
the direction of the wind.

It was said that the master's first care

will be to know how the center bears.

His next care will be to know on which
side of the storm's path his vessel is

situated, and the direction in which the

storm is moving. In the northern hemi-
sphere if she be situated on the right-

hand side or semicircle of a storm travel-

ing to the westward—looking in the di-

rection to which the storm is traveling

—

the wind will veer N.E., E., S.E., S., &c,
or with the hands of a watch ; on the

left-hand side the wind will back N.,

N.W., W., &c, or against the hands of a

watch.

Similarly, in the southern hemisphere,
if the vessel be in the right-hand semi-

circle of a storm traveling to the west-

ward—looking in the direction to which
the storm is moving—the wind will veer

S., S.W., W., &c, or with the hands of a

watch ; in the left-hand semicircle it will

back S.E., E., N.E., N., &c, or against

the hands of a watch.
In speaking of the shift of wind such

a shift is meant as would be observed on
a vessel hove-to ; for if the vessel be mov-
ing faster than the storm, and in the

same direction, the shift may be in the
opposite direction to what has been
stated.

If while the vessel is hove-to the wind
be found to remain in the same direction,

increase in violence, and be accompanied
by a falling barometer, it is probable
she lies in the path of the advancing
storm—the most critical of all positions.

The wind in front of the storm-field

is, from the nature of the case, directed

across the path of the center; blowing
towards the path on one side, and away
from it on the other. Consequently, if

we suppose the cyclone to be bisected by
a line representing its path, a little con-

sideration will show that in the semi-

circle on one side of the path, a ship run-
ning before the wind may probably be
brought to cross the path of the storm in

front of its center, and therefore under
circumstances of the greatest danger ; in

the semicircle on the other side of the
path a ship running before the wind will

probably cross the path in rear of the
center. The former of these semicircles

has been called the " dangerous " semi-

circle.

When looking in the direction in which
the storm is traveling the dangerous
semicircle is always on the right hand in

the northern hemisphere, on the left hand
in the southern hemisphere ; also in both
hemispheres in the right-hand semicircle

the wind, to a ship hove-to, always veers,

in the left-hand semicircle it always
backs. The semicircle with veering
winds is the dangerous semicircle in the

northern hemisphere ; the semicircle with
backing winds is the dangerous semi-

circle in the southern hemisphere.
The recurvature of the path always

takes place towards the side on which
the dangerous semicircle is situated, i.e.,

to the right in the northern, to the left

in the southern hemisphere. Hence in

the northern hemisphere, so long as the
vortex is traveling to the west, the winds
in front of the advancing center are north-

easterly; as the vortex turns to the
north, the winds in front are easterly

;

and after it has turned to the eastward
the winds in front are south-easterly. A
similar sequence will arise in the south-
ern hemisphere, but in the opposite
order, the winds in front of the vortex
beginning with south-east and ending
with north-east when the vortex has
turned to the eastward.

We derive, then, the following rules to

find the most dangerous wind, supposing
always that the track of the storm is such
as is indicated above, recurving in about
lat. 30° N. or lat. 26° S—

Northern Hemisphere.

Between the Equator and 30° N. lat N.E.
About 30° N. lat E

.

Northward of 30° N. lat S.E.

Southern Hemisphere.

Between the Equator and 26° S. lat S.E.
About 26° S. lat E.
Southward of 26° S. lat N.E.

These winds are most dangerous, be-
cause in each case if the wind continues
steady from that point and the barometer
continues to fall rapidly the ship must
be on the path of the storm and directly

in front of it, so that she is in the posi-

tion of greatest peril.

It is difficult to estimate the distance
of the center of the vortex from a vessel.
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This partly arises from the uncertainty

as to the relation between the bearing of

the center and the direction of the wind,

and greatly from there being no means
of knowing whether the storm be of large

or small dimensions. If the barometer
falls slowly, and the weather only gradu-
ally gets worse, it is reasonable to sup-

pose that the center is distant : and con-

versely with a rapidly falling barometer
and increasing bad weather the center

may be supposed to be approaching dan-
gerously near.

PRACTICAL RULES FOR SEAMEN IN TROPICAL

CYCLONES.

When in the region, and in the season

of revolving storms, be on the watch for

the premonitory signs. Constantly and
carefully observe and record the barome-
ter.

When there are indications of a cyclone

being near, heave-to and carefully observe

and record the changes of the barometer
and wind, so as to find the bearing of the

center, and ascertain by the shifting of

the wind in which semicircle the vessel is

situated. Much will often depend upon
heaving-to in time.

When, after careful observation, there

is reason to believe that the center of a

cyclone is approaching, the following

rules should be followed in determining
whether to remain hove-to or not, and
the tack on which to remain hove-to

:

Northern hemisphere.—If in the right-

hand semicircle, heave-to on the star-

board-tack. If in the left-hand semicir-

cle, run, keeping the wind, if possible, on
the starboard - quarter ; and when the

barometer rises, if necessary to keep the

ship from going too far from the proper
course, heave-to on the port-tack.

Southern hemisphere.—If in the right-

hand semicircle, run, keeping the wind,

if possible, on the port-quarter; and
when the barometer rises, if necessary to

keep the ship from going too far from
the proper course, heave-to on the star-

board-tack. If in the left-hand semicircle

heave-to on the port-tack.

Both hemispheres.—When the ship lies

in the direct line of advance of the storm
—which position is, as previously ob-
served, the most dangerous of all—run.

And in all cases act so as to increase as

soon as possible the distance from the

center ; bearing in mind that the whole
storm field is advancing.

Heaving-to in both hemispheres.—If

the ship be in the right-hand semicircle,

heave-to on the starboard-tack. In the
left-hand semicircle, heave-to on the port-

tack ; these being the tacks on which the
ship will " come up '' as the wind shifts.

In receding from the center of a cy-

clone, the barometer will rise, and the
wind and sea subside.

It should be remarked that in some
cases vessels may, if the storm be travel-

ing slowly, sail from the dangerous semi-

circle across the front of the storm, and
thus out of its influence. But as the rate

at which the storm is traveling is quite
uncertain, this is a hazardous proceeding,
and the seaman should hesitate and con-
sider all the circumstances of the case,

particularly observing the rate at which
the barometer is falling before he at-

tempts to cross.

Cyclones of the South Indian Ocean.
—The researches of Mr. Meldrum, Di-
rector of the Government Observatory
at Mauritius, have shown that, in the

South Indian Ocean, a vessel approach-
ing a cyclone on its southern side almost
always encounters a strong Trade wind,
which freshens to a gale. It is difficult

to tell when the Trade forms part of the

storm circle; consequently the bearing
of the center can seldom, in this position,

be inferred from the direction of the

wind.
It is therefore recommended under

such circumstances to heave-to and watch
the wind and barometer ; when the wind
has shifted decidedly to the east or

south the passage of the center with re-

spect to the vessel's position may be ap-

proximately inferred ; and when the

barometer has fallen six tenths ofan inch

its height at the commencement of the

storm, the bearing of the center may be
taken as nearly at right angles to the di-

rection of the wind.

If the wind shift from S.E. decidedly

towards the south, run to the N.W. Or,

if the wind remain steady at S.E., increase

in force, the barometer still falling, it is

probable the storm is advancing directly

towards the vessel ; in such case, the

most dangerous of all, run to the N.W.
It is also stated that in the cyclones of

the South Indian Ocean, north-easterly
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and easterly winds often, if not always,

blow towards the center. Such being the

case, it is better to make as much easting

as possible.

It might easily be shown, the same
writer remarks, that all the homeward-
bound vessels that put into Mauritius for

repairs do so in consequence of damage

sustained in a cyclone which they entered

on its northern side. There is a strong
temptation to such vessels to run on with

a favorable breeze ; but a freshening

northerly or north-easterly wind, with a

falling barometer, and threatening ap-

pearance of the weather, should warn
them to heave-to in time.

PROGRESS IN MECHANICAL SCIENCE.
AN ABSTRACT OF SIR FREDERICK BRAMWELL'S ADDRESS TO THE MECHANICAL SCIENCE

SECTION OF THE BRITISH ASSOCIATION.

From the "Journal of the Society of Arts."

After alluding to the formation of

Section H, Sir Frederick Bramwell said

:

At our jubilee meeting at York, I called

the attention of the section to the fact

that in 1831, when the Association first

met in that city, they arrived there

laboriously by the stage-coach, and that

practically the Manchester and Liver-

pool, the Stockton and Darlington, and
some few others, were the only railways

then in existence. I also called their atten-

tion to the fact that in 1831 there were
but very few steamers. I find the total

registered in the United Kingdom in

that year was only 447. If under this

condition of things, the proposition had
been made in 1832 at Oxford, as it was
made in 1882 at Southampton, that the

next meeting but one of the Association

should take place in Montreal, the ex-

treme probability is that the proposer
would have been safely lodged in a- luna-

tic asylum, for suggesting that that which
might have involved a six-weeks' voyage
out, and a four-weeks' voyage back, could
ever be seriously entertained.

=£ * * * * ^r

There are those I know who object

that Section G deals too little with pure
science, too much with its applications.

It may be, as the members of Section G
might retort, that it is possible to attend
so much to pure science as to get into

the unchecked region of scientific specu-
lation. ... I think all men, even al-

though they be followers of science in its

purest and most abstract form, will con-
cur in the propriety of Section G dealing

with engineering subjects generally as

well as with abstract mechanical science.

Once admitting this, I may ask—certain

what the answer must be—whether there

is any body of men who more appreciate

and make greater use of the applications

of pure science than do the members of

this Section. Surely every one must
agree that we engineers are those who
make the greatest practical use, not only
of the science of mechanics, but of the
researches and discoveries of the mem-
bers of the other sections of this Associa-

tion.

SectionA {Mathematical and Physical
Science).—The connection between this

section and Section G is most intimate.

With any ordinary man I should have re-

ferred, in proof of this intimate connec-
tion, to the fact that the President of A
this year is a member of the Council of

the Institution of Civil Engineers ; but
when I remind you that it is Sir William
Thomson who fills this double office, you
will see that no deduction such as I have
hinted at can be drawn from his dual
functions, because the remarkable extent

and versatility of his attainments qualify

him for so many offices, that the mere
fact of his holding some one double posi-

tion is no certain evidence of the intimate

connection between the two. But setting

aside this fact of the occupancy of the

chair of A by a civil engineer, let us re-

member that the accomplished engineer
of the present day must be one well

grounded in thermal science, in electrical

science, and, for some branches of his

profession, in the sciences relating to the
production of light, in optical science

and in acoustics ; while in other branches,
meteorological science, photometrical sci-
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ence, and tidal laws are all important.

Without a knowledge of thermal laws,

the engineer engaged in the construction

of heat motors, whether they be the

steam- engine, the gas-engine or the hot
air-engine, or engines depending upon
the expansion and contraction under
changes of temperature of fluids or of

solids, will find himself groping in the

dark ; he will not even understand the

value of his own experiments, and, there-

fore, will be unable to deduce laws from
them ; and if he make any progress at

all, it will not guide him with certainty

to further development, and it may be
that he will waste time and money in the

endeavor to obtain results which a knowl-
edge of thermal science would have
shown him were impossible. Furnished,
however, with this knowledge, the engi-

neer starting with the mechanical equiva-

lent of heat, knowing the utmost that is

to be attained, and starting with the
knowledge of the calorific effect of dif-

ferent fuels, is enabled to compare the re

suits that he obtains with the maximum,
and to ascertain how far the one falls

short of the other ; he sees, even at the
present day, that the difference is deplor-

ably large, but he further sees, in the
case of the steam-engine, that which the
pure scientist would not so readily ap-

preciate, and that is, how a great part of

this loss is due to the inability of mate-
rials to resist temperature and pressure
beyond certain comparatively low limits

;

and he thus perceives that unless some
hitherto wholly unsuspected, and appar-
ently impossible, improvement in these
resjDects should be made, practically

speaking, the maximum of useful effect

must be far below that which pure sci-

ence would say was possible. Neverthe-
less, he knows that within the practical

limits great improvements can be made
;

he can draw up a debtor and creditor ac-

count, as Dr. Russell and myself have
done, and as has been done by Mr.
William Anderson, the engineer, in the
admirable lecture he gave at the Institu-

tion of Civil Engineers in December last

on the " Generation of Steam and the
Thermodynamic Principles Involved."
Furnished with such an account, the en-

gineer is able to say, in the language of

commerce, I am debtor to the fuel for so
many heat units, how, on the credit side

of my account, do I discharge that debt ?

Usefully I have done so much work, con-
verted that much heat into energy. Use-
lessly I have raised the air needed for

combustion from the temperature of the
atmosphere to that of the gases escaping
by the chimney ; and he sets himself to

consider whether some portion of the
heat cannot be abstracted from these

gases and be transmitted to the incoming
air. As was first pointed out by Mr.
Anderson, he will have to say a portion

of the heat has been converted into

energy in displacing the atmosphere, and
that, so far as the gaseous products of

the coal are concerned, must, I fear, be
put up with. He will say, I have allowed
more air than was needed for combustion
to pass through the fuel, and I did it to

prevent another source of loss—the

waste which occurs when the combustion
is imperfect ; and he will begin to direct

his attention to the use of gaseous or

of liquid fuel, or of solid fuel reduced to

fine dust, as by Crampton's process, as

in these conditions the supply may be
made continuous and uniform, and the

introduction of air may be easily regu-

lated with the greatest nicety. He will

say, I am obliged to put among my
credits—loss of heat by convection and
radiation, loss by carrying particles of

water over with the steam, loss by con-

densation with the cylinder, loss by
strangulation in valves and passages, loss

by excessive friction or by leakage ; and
he will as steadily apply himself to the

extinction or the diminution of all such
causes of loss, as a prudent Chancellor

of the Exchequer would watch and cut

down every unproductive and unneces-

sary expenditure. It is due to the guid-

ance of such considerations as these that

the scientific engineer has been enabled

to bring down the consumption of fuel

in the steam-engine, even in marine en-

gines such as those which propelled the

ship that brought us here, to less than

one-half of that which it was but a few
years back. It is true that the daily

consumption may not have been reduced,

that it may have been even greater ; but

if so, it arises from this, that the travel-

ing public will have high speed, and at

present the engineer, in his capacity of

naval architect, has not seen how

—

notwithstanding the great improvements
that have been made in the forms of ves-

sels—to obtain high speed without a
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large expenditure of power. I anticipate,

from the application of thermal science

to practical engineering, that great re-

sults are before us in those heat motors,
such as the gas-engine, where the heat is

developed in the engine itself. Passing
away from heat motors, and considering
heat as applied to metallurgy, from the
time of the hot blast to the regenerative
furnace, it is due to the application of

science by the engiri eer that the economy
of the hot blast was originated, and that
it has been developed by the labors of

Lowthian Bell, Cowper and Cochrane.
Equally due to this application are the
results obtained in the regenerative fur-

nace, in the dust furnace of Crampton,
and in the employment of liquid fuel,

and also in operations connected with
the rarer metals, the oxygen furnace and
the atmospheric gas furnace, and, in its

incipient stage, the electrical furnace.
To a right knowledge of the laws of heat,

and to their application by the engineer,
must be attributed the success that has
attended the air-refrigerating machines,
by the aid of which fresh meat is at the
end of a long voyage delivered in a per-

fect condition ; and to this application

we owe the economic distillation of sea
water by repeated ebullitions and con-
densations at successively decreasing
temperatures, thus converting the brine
that caused the Ancient Mariner to ex-

claim, ' Water, water everywhere, nor
any drop to drink," into the purest of

potable waters, and thereby rendering
the sailor independent of fresh-water
stowage.

Sir Frederick Bramwell then proceeded
to refer to the application, by the engi-
neer, of electrical science, and to several
other of the subjects dealt with in Sec-
tion A. He then treated of the rela-

tions of mechanical science to the other
sections, and concluded with these
words

:

I trust I have now established the
proposition with which 1 set out, viz.,

that not only in Section G, the section of
mechanical science, but it is emphatically
the section of all others that applies in

engineering to the uses of man the
several sciences appertaining to the
other sections ; an application most im-
portant in the progress of the world, and
an application not to be lightly regarded,
even by the strictest votaries of pure
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science, for it would be vain to hope that

pure science would continue to be pur-

sued if from time to time its discoveries

were not brought into practical use.

Under ordinary circumstances I should

have closed my address at this point, but
there is a subject which at this, the first

meeting of Section G after the meeting
at Southport, must be touched upon. It

is one of so sad a character that I have
avoided all allusion to it until the very

last moment, but now I am compelled to

grapple with it.

In the course of this address I have
had occasion to mention several names
of eminent men, many of them happily

still with us, some of them passed away

;

but I doubt not you have been struck

by the absence of one name, which of all

others demands mention when consider-

ing physical science, and still more does

it come vividly before us when consider-

ing the application of science to indus-

trial purposes. I am sure I need not
tell you this name, which I can hardly

trust myself to speak, is that of our dear

friend William Siemens, whose contribu-

tions to science, and whose ability in

the application of science, have for years

enriched the transactions of this section,

and of Sections A and B, for in him were
combined the mechanic, the physicist, and
the chemist.

But a brief year has elapsed since he
quitted the presidential chair of the As-
sociation, and, with us at Southport, was
taking his accustomed part in the work
of this and of other sections, apparently

in good health, and with a reasonable

prospect of being further useful to sci-

ence for many valuable years to come.

But it was not to be ; he is lost to us,

and in losing him we are deprived of a man
whose electrical work has been second to

none, whose thermic work has been
second to none, and whose enlarged

views justified him in embarking in sci-

entific speculations of the grandest and
most profound character. Whether or

not his theory of the conservation of

the energy of the sun shall prove to be
correct, it cannot be denied that it was
a bold and original conception, and one
thoroughly well reasoned out from first

to last.

I feel that were I to attempt anything

like the barest summary of his discoveries

and inventions, I should set myself a
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task which could not have been fulfilled

had I devoted the whole of the time I

had at my command to the purpose. I

had, indeed, thought of making his work
the subject of my address, but I felt

that his loss was so recent that I could

not trust myself to attempt it. There is

no need for me to dwell further upon
this most painful topic. He was known
to you all, he was honored and loved by
you all, and by every member of this As-

sociation he had so faithfully served, and
over which he had so ably presided

;

and he enjoyed the respect and esteem
of the best intelligence of England, the

land of his adoption ; of the Continent,

his birthplace; and of Canada, and of

the United States, whose populations
are always ready to appreciate scientific

talent and resulting industrial progress.

It is not too much to say that few more
gifted men have ever lived, and that

with all his ability and talent he com-
bined a simplicity, a modesty, and an
affectionate disposition that endeared him
to all.

I am sorry to conclude my address to

you in this mournful strain. I have en-

deavored to confine my allusions to our
dear friend within the narrowest limits,

but if I have overstepped these I trust

you will forgive me, remembering that

"out of the fullness of the heart the
mouth speaketh."

LAKE MCERIS AND THE PYRAMIDS.
By COPE WHITEHOUSE.

Contributed to Van Nostranb's Engineering Magazine.

In 1881, during the York meeting of

the British Association, a paper was read
under the title of The Topography of the

Pyramids and their connection with Lake
Moeris, the Bahr Jousuf, Labyrinth and
Sphinx. It was shown that if the ac-

counts of the ancient historians were
treated as the honest efforts of intelligent

men to describe what they had seen and
heard there was no difficulty in blending
their facts into a harmonious whole. The
result, however, was so stupendous in its

area of operations, the amount of human
labor, the boldness and originality of the

engineer, the wisdom of the government
and the patience of the nation, that it

could not be readily grasped, even by
minds accustomed to the greatest works
of centralized power. It was far easier to

deny than to comprehend it. There are

apparent contradictions in every great

advance in knowledge. Light without
smoke or heat has recently been obtained
by electricity. The corridor of an Egyptian

* This paper was withdrawn from the regular pro-
gramme of Section E. of the American Association
for the Advancement of Science, because it- required
lantern slides, and was read in the Academy of Music,
Philadelphia, September 10th, and repeated (by re-
quest ) in the Theatre of the Union League Club, Sep-
tember 12, 1884. The subject was presented to the New
York Academy of Sciences, and discussed March 24,

(see Critic, April 5th), and to the American Society of
Civil Engineers, Buffalo, July 12. (See Reports in En-
gineering and other Journals].

sepulcher, lined with colored bas reliefs

carved on fine-grained limestone after

these blocks had been placed in position,

had, for thousands of years, proved to

the world by an ocular evidence which
none could deny, that light could be sepa-

rated from all that tended to impair

health or injure works of art by imperfect

combustion.

Ancient authors had agreed in describ-

ing a reservoir of Nile water, formed artifi-

cially, fifty miles to the south of Memphis
(Cairo), and twenty to the west of the

Nile Valley, with 450 miles of indented
sea-coast, containing islands, teeming with

22 sorts of fish, fed by a canal with double
mouth, filled each year from high Nile.

The water, stored by dams or levees,

which it cost $70,00.0 annually to open
and replace, was allowed to flow over the

fields at low Nile for irrigation, or carried

by tortuous, secret, subterranean channels

into the local reservoirs of distant towns.

"Moeris," they said, whether meri the

beloved, or Mer-uer the great sea (cf.

mare Lat. mer Fr.) was the grandest tri-

umph of man over nature accomplished
in all the long period of Egyptian history

marked by rock-hewn temple, obelisk, or

colossus, and throughout the length of

the river from the Soudan to the Medi-
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terranean. " But," said the modern
Egyptologists with absolute accord, "no
such Moeris ever existed." There are, it

was explained, the remains of dykes on
the upper plateau of the Fayoum, which
show that a pond or pool covering about
65 square miles was at one time formed
and used to irrigate that province, and
M. Linant de Bellefonds had, it was
said, rendered the world a service in ex-

posing the errors and absurd exaggera-

tions of Herodotus, Strabo, Diodorus
and Pliny, allowed to pass uncorrected,

or repeated, by Ptolemy, Stephen and
the geographers of Alexandria and Con-
stantinople. The Bahr Jousuf was shorn
of its antiquity and reduced to a work of

Saladin {JEJncyc. Brit.). The Labyrinth
became, under the exploration of Dr.

Lepsius, a pile of mud bricks of no im-

portance, with the scant remains of a

small temple. The Sphinx nevertheless

continued to smile impassively and offered

itself as an impenetrable riddle to phil-

ologist and historian, astronomer and
engineer.

Three years ago, therefore, if each of

the factors of this whole was closely ex-

amined, its importance and character de-

fined by the latest researches, and the ac-

cepted conclusions of recognized experts

substituted for the terms used by a Strabo
or a Pliny, the splendid fabric, reared
high above modern thought and modern
attainment, seemed to have been a dis-

torted reflection in the mirror of tradition,

seen by men who lent a credulous eye
and eagerly transmitted fables founded
upon truth, but on so scant a measure of

it, that a tenth or a hundredth became a

standard division by which to reduce
their dimensions to actual fact.

As the objections, however, to the an-

cient authors were successively examined
it became evident that no serious impres-
sion had been made upon their credibility.

The acuteness of Voltaire and the geol-

ogy of Linant Pacha were equally at fault.

Bunsen, bewildered by the personal as-

surances of Dr. Lepsius, lost himself in a

Labyrinth which was pure fiction. Cen-
turies before the Crusades, the Canal of

Joseph was a familiar word in Arab le-

gend, and a measure of human enterprise

in irrigation works in the Valley of the
Euphrates. The map of Egypt in 1881
was a blank, where a deep dry southern
basin has since been found. In 1882 and

1883, accordingly, researches had been
made which gave to Lake Mceris all the

attributes ascribed to it, in papyrus and
on parchment, in picture, legend, and
sober history.

It followed as a direct consequence from
the rehabilitation of Lake Moeris that

other assertions were restored to import-

ance. If there was a lake 300 feet deep,

there was also an island " as near as may
be in the middle, with two pyramidal
summits, 600 feet in height from the bot-

tom of the lake, and 300 feet from the

surface of the water " (Herodotus ). The
king who made the lake had " left a

place " and constructed a tomb together

with two pyramids. The piles of stone

by which the upper half of this mass of

rock was revetted, or into which it had
been quarried and shaped, served by their

height to show to those who sounded the

shallow eastern plateau that it sank into

a deep erosion {fossa grandis, Pliny

)

under the steep shores of horizontal lime-

stone which bounded it on the west. On
the first publication of these discoveries

in Paris, in the Revue Archeologique
(Jui'n, 1882) and in London, in the Pro-
ceedings ofthe Society for Biblical Archce-
ology (June 1882) sections across the

Nile Valley were given. One of these Las

been reproduced in the Century (October

1884). These show that the popular
conception of Egypt above the Delta as a
plain is entirely erroneous. The ancients

invariably spoke of the two sides of the

Valley as the Arabian (eastern) and Lib-

yan (western) mountains. These steep

cliffs of 400 to 800 feet are not the result

of any upheaval. The dead level of the

Libyan Desert is the last stratum of a

cretaceous deposit, through which the

waters of the Abyssinian highlands and
Equatorial Africa have cut their way.

The Nilenow flows along the eastern shore

of the canon, and fills the lower level

of it when high. To the west there are

old channels, deeply scored by waterfalls

in beds now dry, which are as much as

300 feet below the river and 200 feet

below the sea. Everywhere scattered

throughout this Libyan Desert are hills.

pyramidal in form, with the axis in the

line of erosion, with their bases sometimes
200 feet below the Mediterranean, but
often rising as much as 800 feet above
the valley of the Nile. ,^j

In the Wadi Beian the southwestern



404 VAN NOSTEAND'S ENGINE ERLNG MAGAZINE.

basin of Lake Moeris, there is a hill, never

before visited, known as the Haram. This

word is applied exclusively to Pyramids
by the Arabs. This hill is not a pyramid,

but, like the island in the present lake, it

justifies the ancient authors by affording

a proof that " a place might be left " (by

erosion) where a structure 600 feet high

could be formed with a small amount of

labor to serve as a monument of the im-

mense natural wealth added to Egypt by
the construction of its vast storage reser-

voir. If the Pyramids are to be treated

as a class it is evident that a common
factor must be found for them. It is

difficult to assign them definite attributes.

Prof. Perrot has, with great clearness

shown that neither shape, dimensions,

material nor purpose seem to have been
their raison d'etre. It has been insisted

that the first of Gizeh, commonly called

Cheops is an ideal pyramid and that

the others are imitations. This opinion

is only entertained by those who find

mysterious significance in its corridor

and coffer or sarcophagus. There is one
factor which had necessarily been over-

looked, all the pyramids are now seen to

be (or to have been) either in, at, or near
Lake Moeris and on the terrace above the

high-level canals and aqueducts which
were the conduits of its precious water.

The Pyramids in the Nile Valley (like those

in the lake) are lower than the level of the

desert and are parts of islands or isolated

hills formed by erosion before the Nile

had cut its way at its present level be-

tween the commanding heights of Abu-
Roash, crowned with a low pyramidal
structure containing chambers in the live

rock similar to Cheops, and the Mokattam
with the citadel of Cairo, its extraordi-

nary well and legends. The pyramids
in Moeris were 600 feet high and yet
natural hills. Medoum, the most southerly

of the Pyramids is, like Abu-Roash the

most northerly, only a hill, squared into

shape and protected by walls of hewn
stone. Its chambers are far above the
valley and within the stone casing. They
are, nevertheless, like every other cham-
ber found in or under every other pyra-
mid except Cheops, wholly in the natural
rock. The two pyramids of Gizeh cannot
be dissociated. They are termed the

twins, and they have borne a fraternal

relation from their first appearance in

history. " They are," said Pliny, " on

the African side on a barren stony moun-
tain," but Strabo, with an accuracy in

which he had been preceded by Herodo-
tus, described them as in the brow of a
hill, and not on its summit. This hill is

over 150 feet above the plain. It rises

within Cheops a certain height, not less

than 40 feet above the socket stones

which have been regarded as the base of

the structure. It also rises to a much
greater height at its western summit and
sinks again abruptly to nearly the level

of the Nile. North and south it is bound-
ed by ravines, so that if the Nile rose but
a few feet higher, the hill of the Gizeh
plateau with its pyramids would become
an island. If a horizontal plane be passed
through the summit or even through
the apex, supposing that the sides were
coated and carried to a point, it would
not be as high as Abu-Roash, 5 miles

to the north, the Mokattam, 8 miles to

the east, or the Kom el-Kashab, 9 miles

to the west. Opposite to Gizeh, on the

east bank of the Nile are immense subter-

ranean quarries, about 100 feet above the

plain. It was a natural inference that

the stone of the Pyramids had been taken

from these quarries. But it is evident that

this cannot have been the case. Apart
entirely from the obvious absurdity of

sending to the opposite side of a swollen

stream, 8 miles wide, for material which
lay at hand and which was good enough
for every purpose, and deemed quite good
enough to use in every other pyramid on
the west bank, the stones now visible on
the exterior of Cheops could not have
been quarried in the interior of a hill.

Many of these blocks are deeply pitted or

worn by water. They show marks of

exposure to a disintegrating agent infin-

itely more powerful than the feeble action

of sun or wind with an occasional shower.

They are parts of the crust of a limestone

hill, roughly broken perpendicularly, re-

taining their natural horizontal surfaces

as each layer could be pried off any of

the exposed edges of the strata of rock,

laid bare and worn by the waters at their

old level. It is therefore not a question

of probability merely but approximates to

an absolute demonstration that these

twin masses of coarse and worthless lime-

stone, broken into convenient blocks and
piled without regard to any consideration

except stability and the angular form
which would protect the adjacent terrace
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from hot winds, laden with sand, could,

with due regard to the ordinary opera-
tions of the human mind, the geological

conditions of the rock, the engineering
methods of the ancient world and similar

structures still standing, have been
formed out of natural hills, each block
moved but a short distance, usually
downwards, into chambers quarried in

the hill itself, until a solid mass was made
as the quarrymen " backstoped " upwards
through the hill. They could then re-

turn over the outside, using the crust as

a revetment and making a Pyramid which
only differed from Medoum by the in-

creased labor due to the frail character
of the original hill, honeycombed with
sepulchral chambers, temples or quarries.

All tradition confirms this. "I have
built the Pyramids," said Surid, " to pro-
vide against the dreadful consequences
of the Deluge which is to overwhelm the
earth." But it was Mmris—the great sea

—

of which, the two Pyramids in the lake,

600 feet high, were also monuments,
which saved the Delta from the dread
scourge of the annual flood. Hermes
" brought the people from the mountains
where they had retired for fear of the
waters, and taught them to cultivate the
plains." In these traditions as well as in
the statement of Herodotus that these
pyramids were built " from above," were
completed "outwards," by a king who
shut down the (rock-hewn) temples," at

an uncertain date, for " all the authors do
not make it clear who built them" (Pliny),

and the silence of the Egyptian records,
geographical, historical and poetical, led
the author of this paper to affirm as a
probable conclusion from well-estab-

lished facts, in accordance with the prin-

ciples of sound reasoning, that the huge
piles at Gizeh are the results of a credit-

able effort to convert an unsightly and
dangerous hill into a solid mass with
some further purpose which modern sci-

ence has not fully grasped.
The various steps in this argument

were illustrated and proved by photo-
graphs of papyri, ancient and modern
maps, sections of the Nile Valley from
personal and original surveys, sketches
and photographs of natural hills of pyra-
midal form in Egypt and Nubia, with
examples of denudation of horizontal
beds elsewhere, the quarries of Turra,
the natural strata in the head of the

Sphinx and under the Pyramids of Gizeh,

and the sides of the Kom el-Kashab,

Abu-Roash and the Mokattam. The
partially completed fa£ades of Petra
were begun at the top. The lime-

stone quarries of the Nile were worked
in " stopes " or ledges, in subterranean

chambers and passages. Evidence was
also furnished that these facts and sug-

gestions had been put before the scien-

tific world in definite form, and had elicit-

ed the approval of competent judges.

The survey of the Desert to the west of

the Pyramids was inserted by Prof. Per-

rot and M. Chipiez in their historv of

Egyptian Art (Eng. Ed., 1882). The
London Academy described with approval

how it had been " conceived that the

Gizeh plateau was once a range of hills,

weathered into fantastic shapes, to which
horizontal strata gave an artificial appear-

ance and pyramidal summits," and " the

inferior material was cut into blocks,

lowered from above and pushed into place

to build the Pyramids." The Wadi Reian,

eroded to a depth of two hundred feet

below the Mediterranean, and the hills in

the Wadi Fadhi have been placed upon the

map of the British War Office. The Geo-
graphical Society of Cairo, 1883, indorsed

the surveys of 1882 and 1883 as a new and
important contribution to the cartography

of the Libyan Desert. The Dutch Acad-
emy of Sciences (1881) republished the

geographical Papyrus of Boulaq with a

map to show that this document had been,

hitherto, wrongly interpreted, but the

Abbe Amelineau had already demonstra-

ted this at length in the Mevue des

Questions Ilistoriques, (Oct., 1883). The
Report of the New York Academy of

Sciences {Critic, April 5th, 1884), refers

more particularly to the proof that " hor-

izontal limestone once filled the Nile

Valley to the height of nearly a thousand
feet, and several hundred feet above the

tops of the Pyramids," and that " the

tombs under the Pyramids appear to be
older than the structures above." while

the granite blocks (from Assouan') and
coffer, being too large to have been
brought through the entrance and pas-

sage, may have been put into the hill

before it was reconstructed into a pyra-

midal pile of rough-hewn stones.

The Society of Civil Engineers at its

meeting June 12. 1SS4, (se<* the Ameri-
can Engineer) agreed that the stones
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might have been actually quarried in a

hill and lowered into their present position

so that the amount of labor would have
been exceedingly small in comparison
with that required to construct the piles

by concentric and successive layers.

At the meeting of the British Asso-
ciation for the Adv. of Science in Montreal
(Aug. 27, 1884) reported in the Oct. No. of

the Proceedings of the Eoyal Geog. Soc,
the accuracy of the ancient historians

was shown and the use of technical

words explained. The restoration of

the South - "Western basin (see Satur-

day Hev lew, Jan. 25th; 1883; The Cen-
tury, October, 1884 ) was advocated.

The Ptolemaic maps were justified by the

levels run by theodolite and spirit level

as well as aneroid barometer, alone or

with the aid of Messrs. Ellis, Gasperoni,
Petrie and others. Wide fields of archaeo-

logical research were indicated and a

hieroglyphic inscription from Edfou cited

as conclusive of the former extent of Lake
Mceris, while the complete absence of ear-

ly reference to the Pyramids confirms the

conjecture that they are comparatively
modern, and did not exist in the time of

Rameses-Sesostris. The reopening of Lake
Mceris would greatly facilitate an Alex-

andria-Cairo-Suez Canal.

It is obvious that unless these facts

are contradicted, it is legitimate to infer

that the situation of the Pyramids is an
important factor in the question of their

purpose. The problem of their construc-

tion is to find the easiest and most nat-

ural method. Why hills at, in or near
Lake Mceris should, have been revetted,

or reconstructed, into square or rectan-

gular masses with sloping sides may never
be explained, but, even in that event, a

stigma is removed from the history of the

human race, and especially from its en-

gineers, by showing that these are not
piles of stone, quarried on the right bank
of the Nile and transported to the left

bank, only to serve as a tumulus above or

around the nameless sarcophagus of an
unknown personage.

THE MANCHESTER SHIP CANAL SCHEME.
By H. S. S. SMITH, C. B., Princeton College.

Written for Van Nostrand's Magazine.

The proposition to make Manchester a

sea-port is not a new one. Like every
great undertaking, it has been preceded
by various plans to accomplish the same
purpose. Forty years ago Mr. Palmer
agitated the question, and since then Mr.
Bateman and Mr. Fulton have been earn-

est in their endeavors to have the idea

reach actual achievement. It is, in a

certain sense, unfortunate that the pres
ent discussion of the subject has thus far

been barren of material results, for no one
denies that the proposal, if practicable,

would be of great benefit to a large and
active manufacturing center. But the
grounds on which permission has been
denied by Parliament are evident and
reasonable, and it remains to be seen
whether or not tbe same object can be
reached in a way that will not be detri-

mental to existing interests.

The present agitation of the question
took a definite form in June, 1882, when
a provisional committee was formed in

Manchester and began active operations

by appointing Mr. Hamilton Fulton and
Mr. E. Leader Williams engineers to

prepare reports and estimates of the pro-

posed undertaking. Each of these en-

gineers made a report to Mr. Abernethy,
the consulting engineer, the two plans
being so radically different that it was
impossible to combine them into one.

Mr. Fulton's proposal was u to straight-

en, deepen and widen the Irwell and
Mersey between Trafford Bridge, Salford

and Liverpool so as to afford a depth of

22 feet at low water of spring tides."

As this plan would require a rock-cutting

40 feet deep and 10 miles long, and
would place the docks at Manchester 92
feet below the present surface of the
ground, the report was not adopted by
Mr. Abernethy. The report made by
Mr. Williams was essentially different,

and was the basis of the proposal that

was laid before Parliament. He pro-

posed to excavate a ship canal in the
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valleys of the Irwell and Mersey from
Manchester to Runcorn, a distance of

21.25 miles. This canal was to have
locks, worked by hydraulic power, with

steam reserve' in case of drought. From
Runcorn the channel in the estuary was
to be straightened and deepened by
dredging and by the erection of training

waUs. There would thus be two dis-

tinct parts to the work, the canal portion

from Manchester to Runcorn, and the

estuary portion from Runcorn to the

deep water just above Liverpool. Mr.
Williams made detailed plans and esti-

mates for the former, but it would ap-

pear that no estimates were made for the

portion of the work below Runcorn.
A bill was drawn and brought before

Parliament, but, as the standing orders
had not been fully complied with, it was
admitted only by special permission, and
after considerable debate. The support-
ers of the bill were the merchants and
local boards of Manchester, the cham-
bers of commerce of many places that

would be benefited by the works, and
the manufacturing interests generally.

The opponents were the railway com-
panies having lines between Liverpool
and Manchester, the various local boards
of Liverpool, and the harbor boards and
navigation companies having interests in

the river Mersey. That the canal was
needed, and would be beneficial to a

large volume of trade, was proved be-

yond doubt. But the lack of definite

plans and estimates for the estuary part

of the work told heavily against the pro-

moters of the enterprise. The committee
of the House of Commons, after a pa-

tient and thorough investigation, lasting

thirty-seven days, passed all of the bill

excepting that portion referring to the
work in the estuary, reserving decision

on it until full plans and estimates should
be laid before them. The Committee of

Lords, after a brief and superficial in-

quiry, decided that it was not expedient
to proceed with the subject during that

session.

The time intervening between this and
the next session of Parliament was
spent by the promoters in altering the
location and plans, and perfecting the
estimates of the canal part, and in de-

signing the plans for the channel in the
estuary. When the bill came again be-

fore Parliament there were no formal

technicalities to contend with, but the
opposition produced strong engineering
arguments against the scheme. Commit-
tees investigated the matter as before,

and the result was that the Lords passed
the bill, while the Commons Committee
refused to do so. It is said that $1,500,-

000 have already been spent in promot-
ing and opposing the bill. As there is

reason to believe that the real cause of

the defeat of the bill was the engineering
evidence produced by the opposition,

it will be interesting to study the cir-

cumstances of the case, and see what the

conditions really were.

To understand the plans it will first be
necessary to give a brief description of

the existing waterway from Manchester
to the open sea. The city is situated on
the Irwell, a small stream having a depth
of only four feet under favorable circum-
stances. Flowing westward from Man-
chester, it joins the Mersey after a wind-
ing course of about 6 miles. The direc-

tion and character of the stream remain
practically unchanged to Warrington, 15
miles below Manchester. From this

place to Runcorn, 6 miles below, the

limit of draught is 9 feet. At Runcorn
the river meets the estuary, a basin

whose shape is that of an irregular cres-

cent, the direction of the general axis

changing from nearly westerly at Run-
corn to nearly northerly at Dingle Point.

The length of the basin is about 12

miles, and the area is 27.2 square miles.

At low water about 20 square miles of

sand banks are uncovered, and the chan-

nels between have an effective depth of

but 12 feet. The banks and channels

are subject to continual and rapid change
under the action of the tide. The outlet

is a channel extending from Dingle
Point to Rock Lighthouse, about 5.5

miles in length, and from 0.6 to 1.0 mile

in width. This channel is lined with

docks on both sides, Liverpool being on
the east and Birkenhead on the West

;

and, although the mid-channel at low
water has a depth of 70 feet, the deposi-

tion of silt in the dock slips is so steady

that constant dredging is necessary to

preserve their usefulness. Rock Light-

house is at the head of Liverpool Bay.
The two parts of the shore of the bay
are nearly at right angles to one another.

the eastern shore inclining slightly west
of the direction of the channel from
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Dingle Point to Rock Lighthouse, and
reaches to Formby Point, while the

southern shore extends in a direction a

little south of west to Hoylake Lights,

near the mouth of the river Dee. From
Rock Lighthouse to the open sea the

distance is about 11 miles. The whole
of the bay is occupied by banks and
shoals, about 34 square miles being en-

tirely uncovered at low water. There
are two main channels across the bay.

The principal one, Crosby Channel, is a

continuation of the Mersey from Rock
Lighthouse to Crosby Light, and then
turns to the north-west and crosses the

bar at the Bar Lightship. A less im-

portant one is the Rock Channel running
westward from Rock Lighthouse along

the Southern shore of the bay nearly to

Hoylake Lights, and then turning north

to the bar. Across the entire seaward
face of the bay there is a bar that gives,

when in its best condition, a depth of

only 12 feet at low water. The banks,

channels and bar are constantly chang-

ing under the wear of the tides, and, al-

though the changes are not particularly

rapid, they are sufficient to demand con-

stant watching on the part of the harbor
authorities.

While the character of the bottom
and the configuration of the shores ren-

der the channels and harbor far from
convenient and safe for shipping, the

height and violence of the tide add much
to the complexity of the situation. The
total rise of an ordinary tide is 30 feet.

The water, coming from the west, and
confined between limits that are contin-

ually narrowing, develops a high silt-car-

rying capacity. In the channel between
Rock Lighthouse and Dingle Point the

velocity of the tidal current is as high
as 5.5 miles an hour. Reaching the

broad basin between Dingle Point and
Runcorn the velocity and, consequently,

the silt-carrying power are much dimin-

ished, and a rapid deposition of silt takes

place. This action is rendered more
complete by the fact that for more than
half the length of the estuary high water
occurs at the same time, and the surface

is consequently level. The surface re-

mains level for 2 hours and 40 minutes,
and although it falls 13.5 feet in that

time the current is scarcely perceptible.

From this condition of things there re-

sults a rapid arid almost complete deposi-

tion of the silt brought in by the flood

tide on the higher banks in the basin.

As these banks are, in many places, only
five feet lower than high-water level, by
the time the ebb currents begin to run
with any decided velocity they have be-

come completely uncovered, and the silt

deposited on them by the flood is above
the reach of any erosive action. But the
velocity of the water in the low water
channel is sufficient to enable it to carry

a large amount of silt, and the banks of

these channels are being continually un-
dermined and broken down by the wear-
ing action of the water in a way quite

similar to that shown in the caving banks
of the Mississippi. This action produces
constant change in the position of the
channels, a change so prominent that

monthly surveys of the estuary are neces-

sary in the interests of navigation, and
the buoying of the channels is a matter
of constant care. Although the changes
are constant the results are remarkably
uniform, the amount deposited by high
water and the amount excavated by the

low-water currents being just about equal
day after day and year after year. The
action of the tide in Liverpool Bay is to

change the banks and channels to some ex-

tent, but not rapidly, while its principal ef-

fect is in keeping the bar scoured down
to a depth that permits navigation. The
bar is the most troublesome part of the
entrance to the Mersey, and while the
depth at low water is seldom more than
12 feet, and thus prevents continuous
passages by ocean steamers, it is consid-

ered by the harbor authorities at Liver-
pool as better than none, and must not
be meddled with.

The plans for the canal from Runcorn
to Manchester showed an engineering
project of large dimensions, but free

from any special difficulty. In section,

the canal would have a breadth of 120
feet at the bottom, side slopes of 1.5 to

1 in earth, but varied in rock, and a
depth of 26 feet. The locks would all

be similar in plan, but with different

lifts. The plan shows three separate

basins side by side, 550 by 60 feet, 300
by 40 feet, and 100 by 20 feet, respect-

ively. Sluices were to be built in con-
nection with each set of locks to pass
the overflow and storm waters into the

lower levels.

Starting from the Mersey at Astmoor
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Marsh, about a mile above Runcorn, the

canal would keep a straight westerly

course for 9.75 miles. At 0.75 miles

from Astmoor Marsh is placed the first

set of locks, providing a lift of 17 feet

at low tide, while high water would flow

5 feet above the intended water level.

It was intended that this five feet of

water should be used to scour the canal

and the channel in the estuary at low
water. At 4.5 miles, near Warrington,
the London and Northwestern, and the

Birkenhead, Lancashire and Cheshire
Railways are met. In order that these

might pass at a sufficient height it would
be necessary to raise the grades at cross-

ing some 43 feet, and the approaches
would be about a mile long on each side

and have gradients of 1 in 132. To ac-

commodate the trade at Warrington, it

was determined to build there a dock 20
acres in extent, with lines of track run-

ning from it to the railways. The dock
would be connected with the Mersey by
a small lock suitable for river craft. At
7 miles the Warrington and Stockport
branch of the London and Northwest-
ern Railway would be passed, the plan of

passing being the same as for all the

other railways. At 7.25 miles there

would be the Latchford locks, with a lift

of 15.5 feet. The canal would then fol-

low the valley, but would be independent
of the river, crossing the bed of the river

several times. Below the limit of tidal

flow at Woolton Weir the river would be
diverted, but above that point the propo-
sition was to turn all the water of the Ir-

well and Mersey into the canal, and to

fill the bed of the stream thus aban-
doned with earth from the canal cuttings.

At 13.25 miles the canal would pass un-
der the Liverpool and Stockport Railway,
and at 14.5 miles, under the Liverpool
and Manchester Railway. In each of

these cases it would be necessary to

raise the grades 40 feet, and to make the
approaches in the same manner as for

the other lines. At 14.75 miles there
would be the third set of locks, the Irlam
locks, having the same plan and sluices

as the others, but with a lift of 13.5 feet.

The work just below these locks would be
heavy, but it would seem better to have
the railways cross the lower level. Con-
tinuing to follow the valley with gentle
curves the canal, at 17.25 miles, would
reach the last set of locks at Barton.

These would be the same as those at

Irlam. At 18.1 miles the canal would
pass under the Barton aqueduct of the

Bridgewater Canal, built by Brindley in

1760. It would be necessary to make
some arrangements to get the ships past

this, as the headway would be insuffi-

cient. It was proposed to build a new
aqueduct, of which a part should be an
iron trough balanced on a central pier

and fitted with watertight gates, so that

it could be swung around in the manner
of a drawbridge. From this place to

Manchester the canal would follow the

valley of the Irwell, and finally reach the

proposed site of the docks, 21.25 miles

from the beginning of this portion of

the work. It was proposed to take the

Manchester Racecourse grounds for the

docks of the ship canal. The surface

would be 6 to 8 feet above the water
surface, and by excavating a water space

of 70 acres to the depth of 26 feet, it was
expected to give accommodation to 1,260,-

000 tons of shipping per year. By widen-
ing and deepening the Irwell above the

docks this could be increased to a capac-

ity of 1,800,000 tons with the additional

advantage of improving the connection

between the ship canal and the smaller

canals centering at Manchester. It was
estimated by the engineers that this por-

tion of the work would cost $25,800,000,

and could be completed in four years.

The construction of the works in the

estuary presented a problem containing

many uncertainties. The general plan

was to construct training walls from the

end of the canal to Garston Docks, a

j3oint about 4 miles above Dingle Point,

and thus cause the low water channel to

keep a definite position. This channel
would gradually increase from 300 feet to

1,000 feet in breadth, and would be
dredged to a depth of 26 feet at low
water. It was found that there was good
foundation, either of rock or gravel, at a

reasonable depth on which these walls

could be built. Materials for the walls

would be easily obtained from the rock

cuttings on the canal. The difficulty lay,

not in the construction, but in the prob-

able effect of the proposed framing walls

on the tidal flow in the estuary, on the

deposition of silt, and on the tidal capac-

ity of the basin. It was proposed by the

promoters of the scheme, and the p l .c

osition was sanctioned bv the survevor
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of the port, to make the walls of such a

height that they would " never remain
wholly uncovered during the whole of

any neap tide." It was argued that by
so doing the tidal capacity of the basin

would not be decreased, but, on the con-

trary, would be increased, by the deep-
ening of the channel that would result

from the constant scouring. It was ar-

gued that the increased velocity that

would result would increase the silt-car-

rying power, and that the proposed im-

provements would not only serve the

purpose for which they were made, but
would result in a permanent improve-
ment of the channel from Dingle Point
to and across the bar. While this rea-

soning seemed very just on the face of it,

it was proved to be false reasoning on
insufficient grounds, and it was here that

the opposition made a successful stand.

The Mersey Dock and Harbor Board,
opposed to the construction of the canal

because the trade at the Liverpool docks
would be much decreased thereby, en-

gaged Mr. J. B. Eads to investigate the

subject of the tides in the estuary and
bay, and to report on the probable effect

of the construction of the proposed
training walls on the tidal capacity of the
estuary and on the channels in the bay.

The results of his investigations on the
tides, and the manner in which they carry
and deposit sediment and keep the ca-

pacity of the basin uniform have been al-

ready given. Bearing the 'facts in mind,
it will be comparatively easy to trace out
the sequence of results that would follow
from the construction of such walls as

were proposed. The deposition of silt

on the shoals in the estuary would, at

first, be as before ; but the wearing ac-

tion of the low-water currents on their

banks would be stopped by the training

walls, and there would result an inequal-
ity between the gain and loss of silt in

the shoals with a balance in favor of the
increase. This would soon raise the
height of the shoals nearly to the level

of high tide, and the capacity of the ba-
sin would be decreased by an amount
nearly equal to this, for the increase of

capacity coming from the increase of

depth of the channel would be small in

comparison with the volume occupied by
flood tide. The tidal capacity of the ba-
sin being thus decreased by the gradual
deposition of silt on the shoals, the vol-

ume of water transported as tidal flow

would be correspondingly lessened, and
the velocity of the tide would be reduced.
This reduction in velocity means a still

greater reduction in silt-carrying capac-

ity, because this latter varies as the

square of the velocity. The reduction
of volume, velocity and silt-carrying ca-

pacity would be effective, not only in the

estuary between Dingle Point and
Runcorn, but also in the channel be-

tween Dingle Point and Rock Light-
house, and over the whole extent of

Liverpool Bay between the lighthouse

and the bar. The result would evidently

be that the depth of the channel oppo-
site Liverpool would be lessened by silt-

ing, and that even the present shallow

depth of water on the bar would be de-

creased. These facts and their logical

results were placed before the Parlia-

mentary committees in a clear and forc-

ible manner, and it is not strange that

they refused to pass the bill.

It has been admitted on all sides that

the proposed undertaking was one that

wOuld be of very great benefit to a large

and active manufacturing center, and be-

cause one plan has been proved to be not

feasible is no reason for thinking that the

object in view cannot be attained. There
are still at least three ways of providing

a deep water channel from Manchester
to the sea. One of these would, at the

same time, greatly benefit the communi-
cation between Liverpool and the sea,

while the other two would have no in-

fluence at all on the existing waterways
below Dingle Point.

The expedient suggested by Mr. Eads,

in answer to questions put to him when
before the committees, was to construct

a ship canal similar to the one proposed,

but extending all the way from Man-
chester to the sea. That is, instead of

entering the estuary of the Mersey at

Runcorn it would pass to the south, skirt

the Cheshire shore of the estuary, and
enter tidal waters somewhere between
Rock Lighthouse and the mouth of the

river Dee. Although no detailed esti-

mate of this work has been made, it

would appear that there would be no
great difficulty in the way of such a plan.

"While it must be acknowledged that a

close acquaintance with the hydrography
of the place is necessary to warrant the

elaboration of a scheme for realizing the
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desired end, a close scrutiny of the many
facts that have been elicited by the agita-

tion of the question fails to show why
either of the following schemes would be
impracticable when viewed from an en-

gineering standpoint. Each of them
would, however, seriously and completely

interfere with the riparian rights along

nearly the whole of the present shore of

the estuary.

The first one to be mentioned, the less

expensive one of the two, and the one
that would have no prominent influence

on the channels and bar of the bay, is

this : Starting from the proposed termi-

nus of the canal proper at Runcorn, con-

struct two training walls whose tops

should ultimately be above high water of

spring tides, and place them at such a

distance apart that at any place the area

of the cross section between them occu-

pied by the water that comes in at flood

tide would be equal to the present area oc-

cupied by the flood on the same cross sec-

tion ; or, rather, so proportion them that

the total volume between them occupied

by the water of flood tide would be equal

to the present tidal capacity of the estu-

ary. Thus, opposite Ellesmere Docks
the low-water channel has a breadth of

0.4 miles, while the remaining 3.1 miles

are covered by shoals at low water. The
breadth of an equivalent channel would
be about 2.1 miles. Or, if these training

walls were to be a uniform distance apart,

this distance would be about 1.3 mile,

in order to furnish the same tidal capac-

ity as at preseut. At Dingle Point, or a

little above, these walls should be made
to join the shores on either side. Since

the depth and uniformity of a channel

have a great influence on the velocity

and the consequent silt-carrying capacity

of a tidal current, it would seem that the

condition of the channels below Dingle
Point would be improved by such a

change in the estuary.

The second scheme is of much greater

magnitude. It would make an unim-
peded deep-water channel all the way
from Runcorn to the open sea, by the

erection of high-tide training walls from
Runcorn to Dingle Point, and from Rock
Lighthouse to deep water, leaving the

channel between Liverpool and Birken-

head untouched. While this would dim-

inish the tidal capacity of the bay and of

the estuary, it would keep all of the tidal

action within definite boundaries, so that

there would be no opportunity for the

formation of shoals. There would, how-
ever, be the probability of decided diffi-

culty in the matter of the deposition of

silt at and near the mouth of the channel.

There is no large body of water flowing

seaward to carry away the silt, as in the

case of the Mississippi. Itwould be exceed-

ingly difficult to predict what the depos-

iting action would be, as it appears that

some kind of a geological change is in

progress in connection with the compli-

cated tidal action.

With either of these schemes there

would be the difficulty of leaving the

present docks and waterfronts along the

shores of the estuary far removed from
any navigable channel, and the formation

between 10 and 20 square miles of new
land between the proposed channel and
the present shores. Whether these would
be sufficient to prevent the carrying out

of the plan is a question that must be de-

cided on the spot. In any case, however,

the formation of a deep-water channel

from Manchester to the sea is not an im-

possibility, and will probably be an ac-

complished undertaking before the end of

the century.

Feom a paper read before the Royal Institu-

tion by Professor J. W. Judd, it appears

that the Krakatoa cataclysm destroyed over

35,000 people, but as a volcanic outburst it was
comparatively small to that of Tomboro in

1815. The Krakatoa was, however, more vio-

lent for the few hours it lasted than the Tom-
boro during its thirty days. The size of Kra-

katoa was formerly 33£ square kilometers: of

that 23 square kilometers have subsided, and

10£ square kilometers remain extant. But on
the south and southwest side the island has

been increased by a large ring of volcanic prod-

ucts, so that the size of JSTew Krakatoa is now.
according to the survey, 154- square kilometers.

The size of Long Island was formerly 3.9 and
is now 3.2 square kilometers. Verlaten Island

has become much larger: it was formerly 3.7

and is now 11.8 square kilometers in size. Of
the Poolsche Hoedje nothing remains. In the

place where the fallen part of Krakatoa once

stood there is now everywhere deep sea. gener-

ally 200, in some places even more than 300.

meters deep. It is remarkable that in the midst

of this deep sea a rock has remained, which
rises about 5 meters above its surface. Close

to this rock, which is certainly not larger than

10 meters square, the sea is more than C00 me-
ters deep. It is like a gigantic club, which
Krakatoa lifts defiantly out of the sea.
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ON THE PRESERVATION OF IRON BRIDGES.
By E. PASCHEN.

From Abstracts of the Institution of Civil Engineers.

The author urges the growing neces-
sity for the general adoption of some
system, whereby the condition of exist-

ing iron bridges may be ascertained and
recorded, and periodical inspections of all

such structures be made in the future.

As regards the iron bridges erected in

Germany, those upon the earliest con-
structed lines of railway, although not
intended to carry the heavy class of lo-

comotive now in use, were designed with
such an ample margin of strength and
constructed in so careful a manner as to

be equal to the increased stress produced
by the present type of engine ; but with
the progress of railway construction, in-

vestigation led to more familiarity with
the direction and amount of strains upon
bridge structure, and there ensued a de-
sire, which seems to have become gener-
al, to economize the amount of metal to
the utmost, basing the calculations upon
the then existing conditions, and disre-

garding the possibility of the introduc-
tion of a heavier class of locomotive ; so
that, at the present time in many bridges,
the metal, at the transit of every train, is

subjected to strains in excess of that
which is assumed to be permissible.

This applies more to small than large
spans, as the amount of increased load,

due to the use of heavier engines, is pro-
portionally greater in the case of the for-

mer than of the latter. With the in-

crease in the number and magnitude of
bridges erected, a tendency to deteriora-
tion in the character of the work and ma-
terial employed ensued.
The author mentions the failure in

some instances of the hinge ("Pendel ")

bed-plate, and advocates the use of the
usual expansion roller frame only, and,
after enumerating the evils arising from
various causes, such as the removal of the
overhead transverse ties in the case of
deep girders (causing lateral distortion),

insufficient riveting at the intersection of
lattice bars, inattention to condition of
paint, and the non-provision of a sufficient

thickness of timber between the rail and
the ironwork of the structure, points out

the necessity for the employment of com-
petent inspectors during the progress of

the work, both at the place of manufac-
ture and erection.

Eeference is made to the Society of

Architects at Berlin, which has directed

its attention to the question, and pro-
poses that the railway companies gener-
ally should institute a system of periodi-

cal inspections and reports as to the con-

dition of their various iron bridges, and
recommend that the observations should
be divided into two classes, the first (gen-

eral) to be made in respect of every
bridge, and the second in special in-

stances only.

" The general observations (to be made
every five years) to include

—

" 1. Measurement of permanent deflec-

tion.
" 2. Measurement of deflection caused

by loading (at rest).

" 3. Enumeration of those portions of

the structure and rivets which may have
already been renewed.

" 4. Careful examination of plates at

junctions of bracing with booms, &c.
" 5. Careful examination of paint and

those places affected by rust.
" The special observations (to be made

annually) to include

—

" 6. Deflection of the lower flange un-
der a moving load.

" 7. Distance apart of the top and bot-

tom flanges.
" 8. Length of the diagonals.
" 9. Lateral distortion and vibration at

the center of the girders.
" All observations upon the structure

when repeated, to be, if possible, made by
the same inspector."

In modification of the above the author
suggests that the result of observations

made by mere inspection should be kept
separate from those obtained by loading,

as the former could be made at any time

at comparatively slight expense, and the

most important of the defects discovered,

whereas the latter would necessitate the

presence of a sufficient number of en-
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gines of the heaviest class, and for the

time being, stop all traffic ; he therefore

proposes that subordinates should be
first carefully instructed under the super-

vision of the chief inspector, and that af-

terwards it should be their duty fre-

quently to examine the structures, a for-

mal report from personal observation be-

ing made by him once in two years, and
that the load-test should be enrployed

only once in ten instead of five years.

The special observations, it is suggest-

ed, should include the effect of tempera-
ture upon the length of the girders, the

amount of movement in the roller bed-

plate with trains moving in both direc-

tions, the comparative distances apart of

the web-verticals, measured near the top
and bottom flanges when the girder is

loaded, and the lateral deflection caused

by wind-pressure under the conditions

of a loaded and unloaded girder.

The author recommends that a book
should be kept for the entry of the in-

spectors' report, the information being
under the following headings, viz., name,
short description, and, where possible,

the calculation of the strains, and a gen-
eral sketch with details of the most im-
portant parts ; weights of iron in the
construction, total weight of superstruc-

ture ; details as regards the history of the

construction, name of maker, &c. ; char-

acter of the materials, and results of

experiments as to strength, amount of

deflection under moving and fixedload, &c.

An example is given of an entry in the

Bridge-Book, with a sketch referring to

the Werda Bridge, a double-line struc-

ture of six 67-feet spans.

THE EFFICIENCY OF FLUID IN VAPOR ENGINES.
By H. L. GANTT, A. B., M. B., and D. H. MAURY, Jr., M. E.

Contributed to Van Nostrand's Engineering Magazine.

1. The determination of the efficiency

of fluid of different vapors was suggested
by Prof. K. H. Thurston to the writers as

a subject demanding investigation.*

This suggestion was the more gladly

accepted as the writers had desired to in-

vestigate, and if possible, to make a prac-

tical test of, a vapor engine, which was at

that time awakening some interest in en-

gineering circles in New York City and
elsewhere. Failing to obtain permission
to test the engine in question, the writers

were compelled to confine themselves to a

purely theoretical discussion of the sub-

ject.

2. Kankine, Clausius and others have
proved that the amount of heat trans-

formed into work does not depend upon
the fluid which is the conveyor of that

heat, but simply upon the limits of tem-
perature between which the fluid is worked.
It follows that, theoretically, all fluids are

equally efficient in transforming heat into

work; it does not follow, however, that

all fluids are equally valuable as the work-

* The writers take this occasion to express their
gratitude to Professor Thurston for his great kindness
in placing at their disposal his valuable library, and
for the many other favors shown them during the
progress of their work.

ing fluid of an engine, for there are other
considerations beside efficiency to be taken
into account in making choice of a work-
ing fluid. "We have set ourselves the
task of choosing the best working fluid

from the foUowing liquids : water, alcohol,

ether, bisulphide of carbon and chloro-

form.

Case I.

3. This section is devoted to a discus-

sion of Carnot's cycle, first in general, and
then as applied to the vapors in question,

with the object of showing that, while the
efficiency of fluid is the same in each case,

that of the engine may be different, and
in general will be, since its efficiency will

be less as the size of engine required to

produce a given power is larger.

4. Carnot's cycle consists of an isother-

mal expansion, an adiabatic expansion, an
isothermal compression, and an adiabatic

compression up to the original tempera-
ture.

We shall suppose a certain amount of

heat, L,, to be worked in the cycle of Car-
not, between the limits of temperature t

t

and £
s,
by any fluid, and then by each of the

fluids in question, and shall show that.

while neither the work of expansion nor
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that of compression in any case is equal

to the corresponding quantity in any
other case, their difference, the effective

work, is equal in all cases.

We suppose our fluid to be at the temper-

ature tv and that we have just so much of

it as will be evaporated by the heat Lr
The evaporation accompanies the isother-

mal expansion represented by AB, Plate

I., Fig-

. 1. The adiabatic expansion BC,
then takes place until the temperature
falls to /

2
; the isothermal compression is

shown by CD and the adiabatic compres-
sion by BA.

5. Rankine gives as the formula for the

rates of expansion necessary to reduce the

temperature of steam from t
1
to t

2

*

(n>, log.. -i+£).

Tj= absolute initial temperature on the

Fahrenheit scale.

r
2
=absolute' final temperature on the

Fahrenheit scale.

L,—latent heat of evaporation of a cu. ft.

of vapor at temperature t^ in foot

pounds.

L„=:latent heat of evaporation of a cu. ft.

of vapor at temperature £
2

.

T>
x
= weight in lbs. of cu. ft. of vapor at

temperature t
%

.

J=mechanical equivalent of heat in foot

pounds.

This formula may be made applicable

to all vapors by the introduction of K, the

specific heat of the liquid, as follows.

r=^-(jD
J
Klog. e ^+^) . (1)

The formula for the work done per

stroke, in a steam engine, by a unit volume
.of vapor at temperature r

a
as given by

Rankine f is

Work=JD J Ti-Wl+log, ^-) j-4-

+ 2L
1 +>(i?2 -i>s ) 3

which may be made applicable to all va-

pors by the introduction of the specific

heat K of the liquid. It then becomes

* Steam Engine, p. 388.

t Steam Engine, p. 388.

Work=JKDJ r-r
2
(l+log e ^-) i +

+ i'L
l
+r(j>

t
—p'^ (2)

The pressures p^ and^ 3
are the tensions

of the vapor at the temperatures 2
2
and t

s

in pounds on the square foot ; t
2
being the

temperature of the condenser, £>
3

is the
back pressure.

6. Equation (2) may be illustrated by
the diagram, Plate I., Fig. 1. The ordi-

nates represent pressures and the abscis-

sas represent volumes. AO=p
l
the initial

pressure. CG=p
2 , the final pressure.

HG- and KO represent £>
3
, the back press-

ure. Equation (2) is an expression for

the work represented by ABCHK. If the
final and back pressures become equal,

equation (2) becomes

W=JKD, T-r.(l+log.i)}

+*=*£.

+

(3)

and the diagram representing the work is

ABCE.
If an amount of heat, L

lS
is added to a

fluid at the temperature r
i9

and then
worked in the cycle of Carnot between
the temperatures t

x
and r

2
the amount of

t — T
heat changed into work is — 2

L,, as

shown by Rankine, Clausius, and other
writers. From this it follows that the

work represented by ABCD is equal to

T — T— Lj, and therefore the work of adia-

batic compression in the cycle of Carnot is

JK^jr-r^l + log.^)!

The total work of compression v
2

, being
the volume at the end of adiabatic ex-

pansion is

p.^ +JKJ^j r-r2
(l + log. e ^-) j-.

If the amount of vapor produced by the

heat L
x
is not a unit volume, but is re-

presented by v
x
, the work of expansion in

Carnot's cycle becomes

W=JKD^
j
r.-T^l + log..

£) j-
+

+ !L
1 + «

1a (4)
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CD

0,

HONI -6S ,
,

,

| | , y
aaj -saTf_ ' I I raaj -

saT[ r

e-

•aaian -6g _
aaa s.aoirji r

which is represented by ABC GO ; the
total work of compression is

JKD^
J

t
1
-

r

a
(l + log. e ^-\ i + v

i p„

v
2p2

being represented by CGOE, and

JKD lVl|r-T2
(l + log. e ^)|,by ADE.

T — T
The effective work is—1

2
L,.

7. As all the data available for the so-

lution of this and the following cases are

found in French and German works, and

are consequently expressed in the metric

system, we have adopted that system.

The principal data and results however,
are reduced to British units, and are

given in both British and metric systems
in a table at the end.

It is necessary to find the quantities

required for substitution in equations (1)

and (3), which data are :

J=424 kilogrammeters.

Tj and r„, initial and final absolute tem-
peratures on the Centigrade scale.

Lj and L„, latent heats of evaporation,

in kilogrammeters, of onefcu. me-
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ter of saturated vapor at tempera-
tures r, and r„ respectively.

D
1
aud D„=weights in kilograms of one

cubic meter of saturated vapor at

temperatures r
1
and t„ respect-

ively.

= t ensions, in kilograms on the

square meter, of the vapors at the

temperatures r
x
arid r

2
.

K—mean specific heat of the liquid be-

tween the temperatures r
1
and r

2
.

8. The initial and final temperatures

chosen are

^=172° C. and £ o
= 90° C, or

T1= 445° C. and T
a
=363°C.

The pressures corresponding to these

temperatures were taken either directly,

or by interpolation, from tables given in

Vol. II. of Eegnault's "Experiences"
whenever it was possible. When, how-
ever, owing to the limited range of tem-
peratures given in these tables, this was
impossible, the following formula given

by Wullner, " Lehre von cler Warme,''
1

-p.

617, was resorted to

—

log. S=a + 5a< +c/3« . . . (5)

in which a, b, e, a and (3 are constants, t

the temperature on the Centigrade scale,

and S the pressure in millimeters of mer-
cury.

For greater convenience of calculation

Wullner puts the constants in the follow-

ing- form

:

a
o

b£o
m

log. bat

Alcohol.

.

Ether
Bi-sulph.
of carb.

.

Chlorof'm

5.4562028

5.0286298

5.4011662

5.2253893

-

.6390301 -.0029143 1

.4414317-. 0031223 1

.4918860 -.0022372 1

.5219943-.0025856 1

Sign of

op
log. eft

Alcohol
Ether

+
+

.5050675-3 -.05905154

.6512970-4+. 01457754

.2799632—1— (VHQnfiSW
Bi-sulph. of

carb
Chloroform .0888717-1- . 01318244

given by Wullner on p. 610 of "Lehre
von der Warme."
The tensions found as just explained

are

Si- Pi-

Water 6,214.6
12,103
23,458
13,179
10,715

84,518
164,600
318,970

Alcohol
Ether
Bi-sulph. of carb
Chloroform

179,230
145,720

The tensions for vapor of water were
taken from a table of Eegnault's results

Sj representing the tensions in millimeters

of mercury, a,ndp
1
the same tensions in

kilograms on the square meter.
9. We now wish to find D, the weight

in kilograms of a cubic meter of saturated
vapor at the temperature t.

On page 668, in his " Lehre von der

Warme" Wullner gives, as the result of

the work of Herwig on the density of

saturated vapors, the formula

V
pv

(6)

p 1 X.0595<v/a+ £

in which V
x
=volume in cubic meters of

one kilogram of saturated vapor at the

absolute temperature a + t; p= tension

of the vapor in millimeters of mercury at

that temperature ; whilep and v represent
the pressure and volume that the vapor
would have at that temperature if it

obeyed Marriott's law. If we suppose
the vapor far enough removed from the

point of saturation to act as a perfect

gas, the following law holds good :

—

pv=p
a
V

lj
{l + at)=ap

o
V (a + t),

a + t being the absolute temperature cor-

responding to the temperature t, and V
the volume of a unit weight of vapor
under pressure p n

at tenrperature 0° Cen-
tigrade. If we let V ' represent the vol-

ume of a unit weight of air under the same
pressure and at the same temperature,

the density of the vapor referred to air is

V '

6=-*-
V.

v„=-

Making this substitution, the product
pv becomes

pv= «pX(*+t) _ m (7)

For air, if #,= 760 m.m., V '=. 77339
cu. meters. For perfect gases a=.00366.
Substituting in (7) we have
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.00366 X 760 x .77339 X (« + t)

pv= ^ ,

which being substituted in (6) gives

_ .00366 X 760 x .77339 X^a + i
1__

p x
6x-0595

Reducing we get

in whichp\ is the tension of the saturated

vapor at temperature tv and V, is the vol-

ume in cubic meters occupied by one
kilogram of vapor at the same tempera-
ture.

It follows that the weight D
1
in kilo-

grams of a cubic meter of saturated vapor
is

_1_ pj
^-V, 86.2VJH ' ' '

(

The densities, d, of the several vapors,
referred to that of air^ are given by
Clausius in his "Mechanical Theory of

Heat," page 59* and are
6.

Water 6219
Alcohol 1 . 5819
Ether 2.5573
Bi-sulph. of carb 2.6258
Chloroform 4. 1244

Substituting in equation (9) we find D
1

and D
2
corresponding to the temperatures

t =172° C. ancU= 90° C.

D,. D 2 .

Water 5.07
25.18
78.66
45.37
57.84

467
Alcohol
Ether

Chloroform

2.74
14.47
9.98

11 13

10. The latent heats, L
t
and L

2
, of

evaporation per cubic meter of saturated
vapor in kilogrammeters at temperatures
t

1
and £

2
are now to be found.

On page 640 of " Lehre von der
Warme" Wullner gives the formula

\= a + bt + cf .... (10)

for the latent heat of evaporation per
kilogram at temperature t.

The constants for ether, bi-sulphide of

carbon and chloroform are

* Browne's Translation, London, 1879.

Vol. XXXI.—No. 5—29

a. b. c.

Ether 94
90
67

-.07901
-.08922
-.09485

-.0008514
Bi-sulph. of carb. .

.

-.0004938
-.0000507

For alcohol, a table of latent heats for

every ten degrees up to 150° C. is given;

and for water a similar table up to 194.8°

C. (Seep. 635 "Zv. d. W")
From formula (10), in which the latent

heats are given in calories, and from the

tables we get the results

:

Water
Alcohol ,

Ether
Bi-sulph. of carb
Chloroform

483 542
159 i 206
55.2 80
60.1 78
49.2: 58.1

By multiplying these quantities by
Joule's equivalent, 424 k. g. m., and the

products by D
1
and D„ respectively, we

we get Lj and L„.

Lt . Lo.

Water
Alcohol
Ether
Bi-sulph. of carb
Chloroform. . .

.

1,038,300
1,697,500
1,841,000
1,156,100
1,206,600

107,300
239.400
482,800
330,200
274.200

11. To find the mean specific heat K
between t

x
and t,

2
, we take the average of

the specific heats at those temperatures.

On page 485, " L. v. d. TF." is given
the formula

K t =A + 2B* + 3C«s

(11)

for the specific heat at the temperature t.

The specific heat of water is unity ; the
values of the constants for the other va-

pors are

Alcohol
Ether
Bi-sulph. of carb..

Chloroform

A. B.

.54754 .0011218 .000002206

.52901 .0002958

.23523 .0000815

.23235.0000507

The mean specific heats between the
temperatures 172° and 90° C. found as

just explained are:
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K.
Water 1

Alcohol 966

Ether 607

Bi-sulph. of carb 257

Chloroform 246

12. Having found the data necessary

for substitution in equation (1), we may
find the ratios of expansion. They are

Water r=9.37
Alcohol ?-=8.97

Ether r=6.-ll

Bi-sulph. of carb ?-=?=3.96

Chloroform.. r=5.22 *

We may now discuss the action of each

of the five vapors in working- 1038300 k.

g. m. of heat between the temperatures

t
x
and tr

The total work of expansion is given

by formula (4), §6, and the work of com-

pression by the next formula. All the

quantities required for substitution in

those formulas are known except v
x
and

v ; but v
i
=rv

1
; therefore we have only

to find v . The amount of heat required

to evaporate one cubic meter of vapor at

temperature t
x
being given in §10, we

may find the volume of each vapor gen-

erated by 1,038,300 k. g. m. by dividing

1,038,300 by the value of L, in §10.

1,038,300 ,. oxv= ^ .... (1-4)

Water 1

Alcohol 6116

Ether 5640

Bi-sulph. of carb 8980

Chloroform 8615

The amount of fluid used is v
x
D

x
kilogs.

Then we have (§6) Work of expansion=

JKD
1
v

1
|r-r

2
(l+log. e ^| +

Work of compression =r

JKD
1
u

1
|r

1
-r

2(l+16g.e J)| + »,A

Effective work=

t,— r,
::L,

Substituting, we have

Wo
Expa

274

rk of

usion.

Work of

Compression

Water .767 83,408
Alcohol 331,322

466,740
354,120
347,474

139,863
Ether
Bi-sulph. of carb . .

.

Chloroform

275,381
162,761
156,115

Effective

Work.
Heat
Used.

Effi-

ciency.

Water
Alcohol
Ether
Bi-sulph. of carb.

Chloroform

191,359

191,359
191,359
191,359
191,359

1,038,300
1,038,300
1,638,300

1,038,300
1,038,300

18.43 £
18.43^
18.43 %
18 43 %
18.43 #

13. In the preceding, we have shown
how the work of expansion and that of

compression may vary greatly and still

leave the effective work constant.

To show more clearly the action of the
various vapors working in this cycle, we
shall draw a diagram of Carnot's cycle for

each case. To do this,, it is necessary to

find at least two more points in the curve
of expansion, and the point at which adi-

abatic compression begins.

To find the points in the curve of ex-

pansion, we assume two temperatures, £
4

and t
b
between t

x
and t„, and find the cor-

responding volumes and pressures.

If we represent by r
4
and r

b
the ratios

of expansion corresponding to the abso-
lute temperatures £

4
and t

b , formula (1) for

the ratio of expansion becomes

,-=^(jKD>g . *-+£)

in which L, and L. have their original
4 5 O

signification. As L^DxJxA, we may
make this formula more convenient in use
by substituting for Ti

1
and L, their values.

The formula then becomes

r / t A D \^(KD.log..^^)
<
13 >

In order to find r
i
and r

g
we need A

4,

A„, D , D„, K, r, , and -r : and to find D,
5' 4' 5" * 4 7 5 ? 4

D
5
we need p A

and p b
.

t
4
and r

b
were taken respectively as

418° and 393
c
C.

K is the same as before.

A is found as before in § 10, D as in § 9,

p as in § 8, p being identical with p x
of

that article.

These quantities are

A
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Vi- Pb- A„
va., m. to.. m.

3,125 1,491 504.7
6,485 3,232 173.1

12,957 7,719 64.6
8,237 5,149 66.7
6,618 3,926 52.2

D 4 . D, K. D L
.

Water
Alcohol
Ether
Bi-sulph. of carb
Chloroform

522.6
186.8
72.3
72.2
54.9

2.63
13.87
44.82
29.26
36.85

1.29
7.16

27.50
18.90
22.50

1

.900

.607

.237

.246

5.07
25.18
78.66
45.37
57.84

Substituting these values we get r
4
and r

b
the following

?V v i=riv 1
. r 5- v5=r5v1 .

Water 1.83
1.83
1.85
1.47
1.58

1.83
1.12
1.04
1.32
1.36

3.51
3 54
3,11
2.18
2.60

3.51
Alcohol
Ether

2. IT

1.75
Bi-sulph. of carb
Chloroform

1.95
o 94

14. It is now necessary to find the

point at which adiabatic compression be-

gins. This is done as follows :—At
the point D, at which adiabatic compres-
sion begins, the mixture of liquid and va-

por has the pressure p^ and volume v
e

.

This mixture is then made by compression
to assume a volume, 0*, under pressure

p 1
and at temperature t^ when it becomes

reduced entirely to the liquid state. If

the fluid now expand adiabatically until it

takes the volume v
c
=ED under pressure

p 2 , it will perform the work represented
by ADF OA, which may be divided into

two parts,

EDFO=p
2
w ; and ADE-JKD

1
u

1

|r,-r,(l+log.^)}

We have assumed, for convenience of

illustration, that the fluid is expanding in-

stead of being compressed. This we may
do without error, as the operations of ex-

pansion are exactly those of compression
reversed.

At the point A, Plate I., Fig. 1, we have
D

1
v

1
kilograms of liquid at temperature

^, at the point D the same weight of liq-

uid and vapor is under pressure p„ at tem-
perature*

1

^ and occupies the volume v
6

.

Since this expansion is adiabatic, the dif-

ference between the sensible heats exist-

ing at A and D has been entirely con-

verted, either into work, or into latent

heat of evaporation. This amount of heat
is

* The volume occupied by the fluid in the liquid state
is so small in comparision with that assumed by the
vapor that it may be considered as equal to 0.

H=D
1
Xu

1
XKx(A-Ox424

expressed in kilogrammeters.

The work done during expansion is

ADFOE=JKD,7, i Tl -r2
(l + log. e

X
-A I

+ Pi ».-

The amount of sensible heat that has be-

come latent is that required to evaporate
D

2
v

R
kilogs. of vapor.

As the evaporation takes jalace not at any
particular temperature, but throughout
the entire range from t

1
to t n , we have

taken as the latent heat of evaporation
the average of the latent heats at the tem-
peratures t

1
and t„, which per kilogram is

1

9
2 - Hence the amount of heat which

has become latent is, in kilogrammeters.

D,«BX
2

+ 424.

As all the sensible heat that has disap-
peared has been either changed into work
or into latent heat, we may write the
equation

D
1
w

1
Kx(r

1
-r

2)x424=

(l+log.A)} +JKD,»,
l

r
'

+ />, »
6
+D

s

A+*9 X424

It may be seen by inspection that all the
quantities in this equation are known ex-

cept v . We can therefore find w
6,

and
hence, D. Solving for v., we have
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V.=

D^K (*,-«,) X424-T

JKDlVjr-r2
(l+log. e ^-)

P2 +D2 X424

]5. The quantities necessary for the

solution of this equation, those used in

substituting in previous equations and
the results of substitution, are given in

the following tables in both metric and
British units.

The diagrams showing the behavior of

each of the vapors when worked in Car-

not's cycle, are found in Fig. 2 of Plate 1.

Table I.

Data and Results foe Case I.

METEIC UNITS.

Vapors.

Water
Alcohol
Ether
Carbon di-sulphide

.

Chloroform

*!• « «;

Cent. Cent. Cent.
172 90 145
172 90 145
172 90 145
172 90 145
172 90 145

t..

Cent.
120
120
120
120
120

r .

Cent.
445
445
445
445
445

T„.

Cent.
363
363
363
363
363

r A .

Cent.
418
418
418
418
418

Cent.
39 3

39 3

393
393
393

Vapors.

Water
Alcohol
Ether
Carbon di-sulphide
Chloroform

Pi-

Kgms on

Pz- Pi-

Kgms on Kgms on
sq.mets. sq. mets. sq. mets.

84,518 7,043 42,500
164,600 16,170 87,829
318,970 53,013 176,215
179,230 35,618 112,023
145,720 25,337 90,005

Kgms on
sq. mets.

20,278
43,955

104,978
70,026
53,394

Calories.

483
159
55.2
60.1
49.2

Calories. Calories.

542
206
80
78
58.

Calories.

504.7 522.6
173.1 186.8
64.6 72.3
66.7 72.2
52.2 54.9

Vapors. Dv D s . D4 . D B . r. r 4 . ?V k.

Alcohol

Kgms pr
cu. met.

5.07
25.18
78.66
45.37
57.84

Kgms pr
cu. met.

.467

2.74
14.47
9.98
11.13

Kgms pr
cu. met.

2.63
13.87
44.82
29.26
36.85

Kgms pr
cu. met.

1.29
7.16
27.50
18.90
22.50

9.37
8.97
6.11
3.96
5.22

1.83
1.83
1.85
1.47
1.58

3.57
3.54
3.11
2.18
2.60

1

.966

Ether .607

Carbon di-sulphide .

.

Chloroform
.257

.246

Vapors.

Water
Alcohol
Ether
Carbon di-sulphide

Chloroform

«i

cubic
mets.
1

.6116

.5640

.8980

.8615

cu. cu.
I

cu.

m's. m's.jm's.

9.371.833.57
5.481.12
3.451.04
3.561.32
4r50|l.36

2.17
1.75
1.95
2.24

Work of

Expansion

Kilogram-
meters.

274,767
331,222
466,740
354,120
347,474

Work of

Compression

Kilogram-
meters.
83,408

139,863
275,381
162,761
156,115

Effective
Work.

Kilogram-
meters.
191,359
191,359
191,359
191,359
191,359

Hesft

Used.

Kilogram-
meters.

1,038,300
1,038,300

1,038,300
1,038,300
1,038,300

Effi-

cienc}-

Per
cent.

18.43
18.43
18.43
18.43
18.43
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Table II.

Data and Results foe Case I.

BRITISH UNITS.

Vapors.

Water
Alcohol
Ether
Carbon di-sulphide
Chloroform

K t- K K r, T
2

r. T
5 Pi

Fah. Fah. Fah. Fah. Fah. Fah. Fah. Fah. Lbs. on
sq. foot

342 194 193 248 803 2 655 2 754.2 709.2 17,310
342 194 193 248 803.2 655.2 754.2 709.2 33,712
342 194 193 248 803.2 655.2 754 2 709.2 65,328
342 194 193 248 803.2 655 .

2

754 3 709.2 36,708
342 194 193 248 803.2 655.2 754.2 709.2 29,845

Vapors.

Water
Alcohol
Ether
Carbon di-sulphide.

Chloroform

Pz Pi Ps ?
i

A
2

Lbs. on Lbs. on Lbs. on Thermal Ther.
sq. foot. sq. foot. sq. foot. units. units.

1,442 8,705 4,153 869.4 975.6

3,312 17,989 9,003 286.2 370.8

10,858 36,090 21,501 99.4 144
7,295 22,943 14,342 108.2 140.4

5,189 18,433 10,936 92.6 104.6

Ther.
units.

908.5
311.6
116.3

120.1
94.0

Ther.
units.

940.7
336.2
130.1

130.0
98.8

Di D,

Lbs. per Lbs. per
cu. foot. cu. foot.

.317

1.572
4.911
2.832
3.611

.029

.171

.903

.623

.695

Vapors. D 4 Ds r r4 rs *i vs v4 T-

Water

Lbs. per
cu. foot.

.164

.866

2.798
1.827
2.301

Lbs. per
cu. foot.

.081

.447

1.717
1.180
1.405

9.37
8.97
6.11
3.96
5.22

1.83
1.83
1.85
1.47
1.58

3.51
3.54
3.11
2.18
2.60

Cu. feet.

1

.6116

.5640

.8980

.8615

Cu. feet.

9.37
5.48
3.45
3.56
4.56

Cu. feet.

1.83
1.12
1.04
1.32
1.36

Cu. feet.

3.51
Alcohol 2.17
Ether 1.75
Carbon di-sulphide. 1.95

2.24

Vapors.

Water 1

Alcohol
j

.966
Ether

\

.607
Carbon di-sulphide. . 257
Chloroform

j

. 246

Work of
Expansion.

Kilog'meters
56,275
67,857
95,593
72,527
71,166

Work of

Compression
Effective

Work. Heat used. ; Efficiency.

Kilog'meters Kilog'meters Kilog'meters
17,083
28,645
56,401
33,335
31,974

39,192
39,192
39,192
39,192
39,192

212,654
212,654
212,654
212.654
212,654

IS. 43 %
18.43 %
18.43 %
18.43 %
IS. 43 %

Case II.

16. The object of this case is to deter-

mine which of the fluids—water, alcohol,

ether, bi-sulphide of carbon and chloro-

form—would be most suitable as the
working fluid of an engine, if worked as

saturated vapor in a non-conducting
cylinder between the limits of pressure
usually employed in the steam engine.

Kankine's formulas, eqs. (1) and (2),

for ratio of expansion and work done
are applicable to this case, and we must
now find the quantities necessary for

substitution. These quantities, together
with a brief statement of how they are

obtained, will be given, and, at the end
of this division, the necessary data and
results will be tabulated in both metric

and British units.

17. The pressures assumed are

6214.6 mm. of mercury, or S1518
grams per square meter, />Q

=517.9 mm.
of mercury, or 7103 kilograms per square
meter. The temperatures corresponding

to this pressure are found in tables

given by Regnault in his " Experiences."

and are

—

kilo-
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Water
Alcohol
Ether
Bi-sulph. of carh
Chloroform

*r-
t„. r,.

172 90 445
144 69 417
110 24* 383
130 35 403
141 49 414

363
342
297*
308"

322

To find Dr the weight in kilograms

per cubic meter of saturated vapor, we
have formula (9)

—

Pl6D.
36.2 ^/a + t

The values of 6 are given in §9.

stituting in the formula, we get,

Sub-

Di- 1),

Water I 5.07
Alcohol 13.36
Etlier ! 22.42
Bi-sulph. of carh 22 . 41

Chloroform 34.78

.467

1.23
2.12
2.14
3.29

The latent heats of evaporation, L
t
and

L„, per cubic meter of vapor at tempera-
ture t

1
and t„, expressed in kilogram-

meters are found as in § L0, and are

—

Li-

Water
Alcohol
Ether
Bi-sulph. of carb.

Chloroform

1.038,300
985,600
713,000
665,100
775,600

107,300
115,256

82,337
78,305
86,766

The mean specific heats are found as

in §11, but will differ from those pre-

viously found, as the ranges of tempera-
ture are not the same. They are

—

K.

Water 1

Alcohol .871
Ether 569
Bi-sulp. of carh 249
Chloroform 242

It is to be remembered that t
1
and £

2

have different values for each of the
vapors.

18. Having now all the data necessary
for substitution in formula (1),

r=-^(jKD>g. e
-^ +^)L

2
\ ° r

2
rj

we may find the ratios of expansion,
which are

—

r=rv 1=v z .

Water 9.37
Alcohol 9.92
Ether 12.06
Bi-sulph. of carb 9.00
Chloroform 10.29

To find the work done we substitute

in formula (2),

W=work=JKDr|

T-rJl+log e^)
' +

To this substitution, we have all the
quantities except p 3

, the back pressure,

which is determined by the temperature
of the condenser. As the temperature
of the condenser cannot easily be kept
lower than 104° Fahr., or 40° Centigrade,

we have assumed that to be its tempera-
ture, and p 3

must, in each case, be the

tension of the vapor corresponding to

this temperature.

From Reo-nault's tables we have,

p.A (m.m. of

Mercury).

Water
j

Alcohol
;

Ether
j

Bi-sulph. of carb
Chloroform

55
134
907
618
366

p 3 (kilogs. per
sq. meter).

748
1,825

12,335
8,405
4,973

Making the proper substitutions we
obtain for work done

:

Water 267,705 kilogrammeters.
Alcohol 264,617
Ether 151,643
Bi-sulph. of carb. ... 173,553
Chloroform 232,456

19. To determine the efficiency of
fluid of the several vapors, we must first

find the heat expended, per cubic meter
of vapor at temperature tv As the feed

for the boiler is taken from the surface-

condenser, its temperature is t
s

. The
heat used is then the amount necessary

to raise D
l
kilograms of liquid from tem-

perature ^
3
to t

l9
and to evaporate them

at that temperature.

20. This is most easily found by cal-

culating the total heat of evaporation

from 0° C. to £
j5
and subtracting from this

quantity the heat required to raise the
liquid from 0° to t

3
.

The total heat of evaporation per
kilogram from 0° to t is given by the

formula
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(p. 640, Wullner's " L. v. d. W. n
).

The constants for etlier, bi-sulphide of

carbon and chloroform, are

—

A. B. C.

Ether 94
90
67

.4500
. 14601
.1375

-.0005555
Bi-sulph. of carb .

.

Chloroform
-.0004123

The value for alcohol was determined
from the table on page 641, "i. v. d. W."
by interpolation, and that for water was
determined by the same method from the

table on p. 635 of the same work.

The total heats of evaporation at tem-

perature t
x
per kilogram, expressed in

calories, are

—

h- Qi-

Water 172
144
110
130
141

659.0
Alcohol 282.5
Ether 136.8
Bi-sulph.
Chlorofoi

of carb 102.0
86.4

The same quantities for D
l

kilogs. of

vapor, expressed in kilogrammeters, are

given by
H

1=424XD1xQl ,

and are
H,.

Water 1,416,639
Alcohol 1,600,261

Ether 1,300,431.7
Bi-sulph. of carb 969,188
Chloroform 1,274,117

The amount of heat, h
3
, expressed in

mechanical units, necessary to raise the

temperature of the liquid from to t
3
is

found by multiplying the mean specific

heat for that range of temperature by
(«,— 0), D, and 424.

On page 483, " L. v. d. W," the fol-

lowing formula is given for the mean
specific heat between and t

:

G t =A + B£-f-C«
2

,

in which A, B and C have the values

given in §11.

Hence,
h

s
=Ct X 0^40x424.

The values of h
s
are

K
Water 86,000
Alcohol 135,054
Ether 205,710
Bi-sulph of carb 90,459
Chloroform 138,032

The efficiency of fluid is the work
divided by the mechanical equivalent of

the heat used, or

W W
~ H.-A H

H=H !-//,,. E.

Water 1,330,039
1,465,207
1,094,722
878,729

1,136,085

20.12 %

Alcohol 18. 06

Ether . . 13.85 £
Bi-sulph. of carb .

.

Chloroform
19.75;,'

20.46*

These efficiencies are different, as they
should be, the fluids being worked through
different ranges of temperature.

To show the relation between the
power developed per stroke, and the size

of cylinder for each of these vapors, the

power developed in a cylinder one cubic

meter in volume is calculated. As, in

the problem just discussed, the initial

volume of vapor was one cubic meter,

the volume of cylinder, v
2
, required for

its working is r cu. meters. It thus fol-

lows that, in a cylinder of one cubic

meter capacity, the work done would be
W—

. The values of this ratio are

—

r
W
r

Water 28.570
Alcohol 26,675
Ether 12.574
Bi-sulph. of carb 19.284
Chloroform 22,590

To render the comparison of these
numbers easier, the ratio of each to that

of water is taken. These ratios give the
relative powers developed in cylinders of

the same size ; their reciprocals give the
relative volumes of cylinder required to

produce the same power.

Ratio. Reciprocal.

Water

Ether,

.

Bi-sulph.

Chlorofoi
of

m
carb

1.

.934

.440

.676

.791

1.

1.071
2 . 375

1.4S0
1 . 264

From the above, it is seen that steam
requires the smallest cylinder to produce
a given power, if worked between the

limits of pressure we have taken. It is

also more efficient than any of the va-

pors, except chloroform. The losses due
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to the larger cylinder necessary to work
chloroform would probably bring down
its efficiency in practice, at least to that

of steam if not lower. So far, then, it

would seem that steam is the best fluid

to use in heat engines.

23. As a matter of interest, we have
constructed theoretical indicator cards
for the vapors studied, showing how ex-

pansion would take place in a heat-en-
gine cylinder. These cards are shown in

Plate II. Two temperatures, t
4
and £

6 ,

i—

l

-M

Q_

•honi -e>s
r

HHi -sal r

3M s.botth
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were taken between t
x
and t

2
, and the

corresponding pressures found from
tables in Eegnault's "Experiences" or

by the formula (5) of §8. The volumes
were calculated by Rankine's formula for

ratio of expansion, as modified in §13

;

the initial volume being unity, the for-

mula becomes

—

,.=^(KD,log.,i-+-^)
A

4
and A

b
were calculated as in §10, and

Metric Units.

T
i; absolute initial temperature on the C. scale.

7
2 , absolute final temperature on same scale.

T
4
and T

f) absolute temperatures of intermediate
points.

t1} temperature on C. scale, corresponding to

absolute temperature t
t 3 , temperature of condenser.

p, tension of vapor in kilogs. per sq. meter at

temperature t.

Ji, latent heat of evaporation in calories of 1

kilog. of vopor at temperature t.

L, latent heat of evaporation in k g.m. at tem-
perature t of 1 cu. m. of vapor.

v, volume corresponding to ratio of expansion
v.

w, work (in k.g.m.) done per cu. m. of vapor at

temperature t x .

H, total heat (in k. g.m.) used per cu. m. of va-
por at temperature t.

F, kilograms used per H. P. per hour.

M, relative size of cylinder to produce the same
power.

D
4
and D

6
as in §9. K is nearly the same

as in §7.

In Tables III. and IV. are given, in both
metric and British units, all the data
necessary for this case, together with the
results of substitution.

The final volume, v,=rv^ ; but as v* —
1, v^— r ; hence, v

2
and not r, is found in

the tables.

24. Before giving the tables, we shall

define the various quantities that appear
in them.

British Units.

Tj, absolute initial temperature on the Fahr.
scale.

t
2 , absolute final temperature on same scale.

T
4 and T

b , absolute temperatures of intermediate
points.

t
t , temperature on|F. scale corresponding to ab-

solute temperature r .

t 3 , temperature of condenser.

p, tension of vapor in lbs. per square ft. at

temperature t.

a, latent heat of evaporation in British thermal
units of 1 lb. of vapor at temperature t.

L, latent heat of evaporation of 1 cu. ft. of va-

por in ft. lbs. at temperature t.

v, volume corresponding to ratio of expansion
r.

w, work (in ft. lbs.) done per cu.ft. of vapor at

temperature t x .

H, total heat (in ft. lbs.) used per cu. ft. of

vapor at temperature t.

F, lbs. used per H. P. per hour.

M, relative size of cylinder to produce the same
power.

Table III.

Data and Results in Case II.

metric units.

Vapors. r
>

T
2

T
<

r
6 *i *3 D, L\ D

s

Water 445
417
383
403
414

363
343
397.5
308
333

418
393
393
393
393

393
353
353
353
353

173
144
110
130
141

40
40
40
40
40

5.07
13.36
33.43
33.41
34.78

3.63
3.86
18.14
13.50
14.31

1 . 29
Alcohol 1.90
Ether
Bi-sulph. of carb. .

.

Chloroform

11.40
7.80
S.50

Vapors. Pi P2 Ps Pt Ps *i \ ?-s K

Water 84,518
84,518
84,518
84,518
84,518

7,043
7,043
7,043
7,043
7,043

748
1,823

13,335
8,405

4,978

43,500
33,093
67,361
45,220
33,021

20,278
11,057
41,113
27,649
25,894

4S3
174
75
70
52.6

504.7
199.

77.6
76.1
57.

522.6
213.

82.2
79.7
59.1

1

Ether

.871

.569

Bi-sulph. of carb. .

.

.249

.243
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Vapors.

"Water
Alcohol
Ether
Bi-sulph. of carb
Chloroform

L
t

1,038,300 !

985,600
j

713,000 I

665,100
775,600 !

9.371.83 3.57

W II

267,705 11,330,639

264,617 [1,465,207

107,300
115,258

!

9.923.97,8.12
82,337 12.06jl.25 2.05, 151643 !l'.094J22
78,305

;
9.001 87 3.061 173,553 878,729

86,766 110.29 2. 68.4.66] 232,456 1,136,085

E M

20.12 % 1

18.06 % 1.071

13.85 % 2.275
19.75 % 1.480
20.46 $ 1.264

p

5.19

13.83
40.49

35.46

40.97

Table IV.

Data and Results in Case II.

BRITISH UNITS.

Vapors. T
,

r
.

r
4

r
a «, h A r>< D

5

Water 803
752
691
727
747

655
617
537
556
581

754
673
673
673
673

709
637
637
637
637

342
291
230
266
286

104
104
104
104
104

.317

.834

1.400
1.399
2.171

.164

.241

1.132
.780

.893

081
Alcohol 119
Ether 712
Bi-sulph. of carb. .

.

Chloroform
.487

.531

Vapors.

Water
Alcohol
Ether
Bi-sulph. of carb
Chloroform

Pi Pz Ps Pi

8,70317,310 1,442 153
17,310 1,442 373 4,730
17,310 1,442 2,526 13,796
17,310 1,442 1,721 9,261

17,310 1,442 1,020 6,763

Pi

4,512
2,264
8,420
5,663
3,911

A.

869.4
313.2
135.0
126.0
94.7

\ K
908.5 940.7
358.2 383.4
139.7 148.0
137.0 143.5
102.6 106.4

1

.871

.569

.249

.242

Vapors. Li L 3 « «4

1.83
3.97
1.25
1.87
2.68

3.57
8.12
2.05
3.06
4.66

W |H E M F

Water 212,654
201,861
146,030
136,219
158,851

21,976
23,606
16,863
16,038

17,771

9.37
9.92

12.06
9.00
10.29

54,829
54,196
31,058
35,545
47,609

272,528
300,088
324,206
179,973
232,685

20.12$
18.06$
13.85$
19.75$
20.46$

1

1.071

2.275
1.480
1.264

11.44
Alcohol 30.48
Ether
Bi-sulph. of carb. .

.

89.24
78.15
90.30

25. From the indicator cards shown in

Plate II., it may be seen that the ratios

of expansion adopted in the last case are

not most economical, especially in the

cases of ether and bi-sulphate of carbon,

in which cases the final pressure is lower
than the back pressure, causing a loop in

the expansion and exhaust lines. It has

been found in steam-engine practice that

it is not economical to expand down to

the back pressure, the best results having
been obtained when there is a difference

between final and back pressure of from
7 to 10 lbs. on the square inch. It is

probable that the best practical results,

in the cases of the other vapors, would
be obtained by producing a similar differ-

ence between final and back pressure.

This assumption suggests a modification

of Case II., which is given as Case III.

Case III.

26. In this case we have taken the
same initial pressures as in the last, but
have determined the final pressure by
adding a nearly constant quantity to the

back pressure, which latter pressure is

determined by the temperature of the

condenser, 40° C.

The formulae (1) and (2) used to find

the ratio of expansion and work done are

the same as used in the last case. The
symbols having subscripts (1) and (3) are

the same as in the preceding case, those

quantities represented by symbols having

(2) for a subscript must now be found.

The pressures p^ and £> 3
are given be-

low in kilograms on the square meter.
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Water
Alcohol
Ether
Bi-sulph. of carb
Chloroform

Pa-

7,043
7,358

17,190
15,844
10,214

748
1,828

12,335
8,405
4,978

The temperatures t
2
corresponding to

the pressures p2 , were found from the

tables in Regnault's "Experiences." Jj

is determined as in §9; A
rj
as in \ 10

With these data, and those of Case IX.

we may now find the values of the new
ratio of expansion work done, and effi-

ciency.

27. The data for this problem, together
with the results obtained, are to be found
in Tables V. and VI., in which the letters

at the heads of the columns have the

same signification as explained in ; 21.

Table V.

Data and Results in Case III.

Metric System.

Vapors. T
,

r
,

T
4

T
5 «, K D, D, L\ »

S

Alcohol
445
417
383
403
414

363
343
323
333
333

418
393
393
393
393

393
353
353
353
353

172
144
110
130
141

40
40
40
40
40

5.07
13.36
22.42
22.41
34.78

.467

1.28
4.97
4.63
4.69

2.63
3.86
18.14
12.50
14.31

1.29
1.90

Ether 11.40
Carbon di-sulphide. 7.80

8.50

Vapors.

Water
Alcohol.
Ether
Carb. di-sulph
Chloroform..

l\ P, 1\ 1\ P* K K
84,518 7,043 748 42,500 20,278 483 504.7
84,518 7,358 1,822 23,093 11,057 174 199
84,518 17,190 12,335 67,361 41,113 75 77.6
84,518 15,844 8,405 45,220 27,649 70 76.1
84,518 10,214 4,978 33,021 25,894 52.6 57

522.6
213
82.2
79.7
59.1

K

1

.871

.569

.249

.242

1,038.300 107,320
985,600 ' 119,941

713,000 185,226
665,100 162,743
775.600 121.501

Vapors. «» v i Hi W H E M

Water 9.37
9.51
4.85
4.31
7.24

1.83
3.97
1.25
1.87
2.68

3.57
8.12
2.05
3.06
4.66

267,705
262,614
162,869
162,875
219,200

1,330,639
1,465,207
1,094,722
878,729

1,136,084

20.12 %
17.90

14.88 %
18.53 i
19.29 %

1

Alcohol
Ether
Carbon di-sulphide.

1.035
.845

.756

.944

Table VI.

Data and results in Case III.

BRITISH UNITS.

Vapors.

Water
Alcohol

,

Ether
Carbon di-sulphide
Chloroform

T
l

r
.

T
<

r
6 *, *

8
D, T>

2
D,

803 655 754 709 342 104 .317 .029 164
752 619 673 637 291 104 .834 .080 241

691 583 673 637 230 104 1.400 .310 1 132

727 601 673 637 266 104 1.399 . 280 780
747 601 673 637 286 104 2.171 . 293 893

P.

.081

.119

.712

.487

.531
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Vapors. Pi Pz Pi JU Pi

Water ! 17,310 1,442 153! 8,703j 4,512
Alcohol : 17,310 1,507 373 4,730:2,264

Ether ' 17,310 3,524 2,526 13,796 ! 8,420

Carbon di-sulphide.
i
17,310 3,245 1,721 9,261|5,663

Chloroform 1 17,310 ! 2,092 1,020! 6,763: 3,911

h h K K L,

869.4908.5 940.7 1 212,650
313.21358.2 383.4 .871 201,861
135.0139.7 148.0 .569 146,030
126.0137.0 143.5 .249 136,219
94.7102.6 106.4 .242 158,851

L 3

21,980
24,565
37,936
33,331
24,885

Vapors. v 2 ® 4
i

®5 W H E M
9.37
9.51
4.85
4.31
7.24

1.83
3.97
1.25
1.87
2.68

3.51
8.12
2.05
3.06
4.66

54,829
53,786
33,357
33,358
44,894

1,330,639

1,465,207
1,094,722
878,729

1,136,084

20.12$
17. 92$
14.88$
18.53$
19.29$

1

Alcohol 1.035
Ether
Carbon di-sulphide . .

.845

.756

.944

The indicator cards for this case are

given in Plate II. They differ from
those of Case II. only in the value of the

ratio of expansion.

28. On comparison with Tables V.
and VI. with Tables III. and IV., it

will be seen that the efficiences in the

latter case are greater than those in the

former. It must be remembered, how-
ever, that in practice the losses by fric-

tion and condensation due to greater ra-

tios of expansion in Problem II. will

probably more than compensate for this

small increase of useful work. Tables

V. and VI. show, further, that steam has

an advantage over all the other vapors

in efficiency, and over alcohol in size of

cylinder, while bi-sulphide of carbon ex-

cels all the others in the latter resjDect.

Case IV.

29. In Cases II. and III. we have con-

sidered the behavior of the several va-

pors in question when used as working
fluids between the limits of pressure

common in the modern steam engine.

We shall now proceed to discuss, in

Cases IV. and V., their behavior when
worked between the limits of tempera-

ture used in the steam engine. The

\

pressures assumed in the two preceding
problems were p 1

= 84,518 kilograms per
square meter, and ^=7,043 kilograms
per square meter. The temperatures of

saturated water vapor under these press-

ures are ^= 172° C, and £
2
=90° C. The

temperature of the condenser is, as be-

fore, taken as 40° C, which is as low as

it could be conveniently kept in practice.

The tensions of the saturated vapors
of alcohol, ether, bisulphide of carbon,
and chloroform, at these temperatures,
have already been found in Case 1, § 8. In
the same problem were also determined

.
2 '

while

v
b,K

I 10 ; of K, § 11, and of r, § 12

§ 13 furnishes the value of T>

Tables VII. and VIII. contain the data
and results for this case ; the correspond-
ing indicator cards are found in Plate

III. As the initial volume v
x
, in the case

under consideration, is one cubic meter,

the final volumes, u
2 , u

4
and v

b
, will be

different from the similar quantities in

Case I., and will be numerically equal to

the ratios of expansion rv r
4
and r

b
. The

letters at the head of the columns of the

tables have the same signification as be-

fore explained.

Table VII.

Data and Results foe Case IV.

METRIC UNITS.

Vapors. *, K t
3 K h T

,
T

2
T

4
r

6

Water 172
172
172
172
172

90
90
90
90
90

40
40
40
40
40

145
145
145
145
145

120
120
120
120
120

445
445
445 i

445
445

363
363
363
363
363

418
418
418
418
418

393

Alcohol 393

Ether
Carbon di-sulphide .

.

Chloroform

393
393
393
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Vapors.

Water
Alcohol
Ether
Carbon di-sulphide.

Chloroform I 145,720

Pi

84,518
164,600
318,970
179,230

Ps

7,043
16,170
53,013
35,618
25,337

Pa

748
1,822

12,335
8,405

4,978

Pi

42,500
87,829
176,215
112,023
90,005

Ps

20,278
43.955

104,978
70,026
53,394

483 542
159 206
55.2 80
60.1 78
49.2 58.

504.7
173.1
64.6
66.7
52.2

/..

522.6
180.8
72.3
72.2
54 9

1

.966

. 007

.257

.240

Vapors. i>i D 2 D 4 D 5 v a ®4 vs

Water 5.07 .467 2.63
13.87
44.82
29.26
36 85

1.29
7.16

27.50
18.90
22.50

9-37

8.97
6.11
3.90
5.22

1.83
1.83
1.85
1.47
1.58

3.57

Ether
25.18 2.74
78.66 14 47

3.54
3 11

Carbon di-sulphide. 45.37
57.84

9.98
11.13

2.18
2.60

Vapors. W. H. E. F. M.

Water 267,705
525,086
751,821
360,878
376,517

1,330,639

2,894,904
4,447,823
1,798,275
2,002,139

20.12$
18. Wo
16.90$?

20.07$
18.81$

5.19 1

Alcohol 13.13 488
Ether 28.64 .232

Carbon di-sulphide 34.41 314
Chloroform 42.06 396

Table VIII.

Data and Results for Case IV.

BEITISH UNITS.

Vapors. t
x *• h *; h r

i
r

2
T

4
T.

Water

Ether
Carbon di-sulphide ....

Chloroform

342
342
342
342
342

194
194
194
194
194

104
104
104
104
104

293
293
293
293
293

248
248
248
248
248

803.2
803.2
803.2
803.2
803.2

655.2
655.2
655.2
655.2
655.2

754.2
754.2 !

754.2
j

7o4.2
1

754.2

709.2
709.2
709.2
709.2
709 2

Vapors.
Pi 1\ P s P* A \ K K K

Water
Alcohol

17,310
33,712
65,329
36,708
29,845

1,442
3,312

10,858
7,295
5,189

153
373

2,526
1,721

1,020

8,705
17,989
36,090
22,943
18,433

4,153
9,003

21,501

14,343
10,936

869.4
286.2

975.6
370.8

905. 5 940.7
311.6 336.2

Ether
Carbon di-sulphide .

.

Chloroform

99.4! 144
108.2 140.4
92.6 104.6

116.3 130.1
120.1 130.0
94.0 98.

8

Vapors. K Di" D 2 £>4 D 5 V2 ®4 °5

1 .317 .029 .164 .081 9.37 1.83 3.51
.966 1.572 .171 .866 .447 8.97 1 S3 3.54

Ether .607 4.911 .903 2.798 1.717 6.11 1.85 3.11
Carbon di-sulphide .

.

.257 2.832 .623 1.827 1.180 3.96 1.47 2. IS

Chloroform .246 3.611 .695 2.301 1.405 5.22 1.5S 2 . 60

Vapors.

Water
Alcohol
Ether
Carbon di-sulphide
Chloroform

w. H. E. F. M.

54,829
107,543
153,980
73,911
77,114

272,528
572,904
910,954
368,310
410,058

20.12$
18.14$
16.90$
20.07$
18.81$

11.45
28.94
63.15
75.87
92.72

1

.488

.232

.314

.396
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Case V.

30. This problem bears the same relation

to Case IY. that Case III. bears to Case
II. In the preceding case we did not
assume the most favorable practical con-

ditions for the working of either of the

fluids with the exception of water ; hence,

for the reasons already stated in § 25, we

shall assume for our back pressure, p^
the same values as were taken in Case
III.

Tables IX. and X. contain a summary
in Metric and British units of the data
and results for this case. The corre-

sponding theoretical indicator cards are
shown in Plate III.

Table IX.
Data and Results foe Case V.

METRIC UNITS.

Vapors.
?, K h K '. T

>
r„ T

4

Water
Alcohol
Ether
Carbon di-sulphide.

172
172
172
172
172

90 40
70 40
50 40
60 40
60 40

145
145
145
145
145

120
120
120
120
120

445
445
445
445
445

363
343
323
333
333

418
418
418
418
418

Vapors. T. Pi 1\ 1\ V\ Pa K K
Water 393 ; 84,518 7,043 748 42,500 20,278 483 542

393 I 164,600 7,358 1,822 87,829 43,955 159 221
Ether 393 !

318,970 17,190 12,355 176,215 104,978 55.2 87.9
Carbon di-sulphide. 393

j

179,330 15,844 8,405 112,023 70,026. 60.1 82.9
393 1 145,720 10,214 4,978 90,005 53,394 49.2 61.1

Vapors.

Water
Alcohol
Ether
Carbon di-sulphide.

Chloroform

K K K D, L\ D, D
5

v
i

504.7 522.6 1 5.07 .467 2.63 1.29 9.37
173.1 186.8 .966 25.18 1.28 13.87 7.16 18.59
64.6 72.3 .607 78.66 4.97 44.82 27.50 18.53
66.7 72.2 .257 45.37 4.63 29.26 18.90 8.25
52.2 54.9 .246 57.84 14.69 36.85 22.50 12.23

Vapors. »4 »5 W H E F M

Water

Ether
Carbon di-sulphide.

1.83
1.83
1.85
1.47
1.58

3.57
3.54
3.11
2.18
2.60

267,705
622,978
988,752
428,486
462,834

1,330,639
2,894,904
4,447,823 j

1,798,275

2,002,139 i

20.12 #
21.52 #
22.23 £
23.83 %
23.12 #

5.19
11.07
21.78
28.98
34.21

1

.853

.535

.550

.761

Table X.

Data and Results foe Case V.

BRITISH UNITS.

Vapors.
«, t

2 K K K r
,

T
2

r
4

Water 342
342
342
342
342

194
158
122
140
140

104
104
104
104
104

293
293
293
293
293

248
248
248
248
248

803
803
803
803
803

655
655
655
655
655

754
Alcohol 754
Ether 754
Carbon di-sulphide . .

.

Chloroform
754
754
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Vapors. T
5 Px k P 3 P* Ih K '2

Water 709
709
709
709
709

17,310
33,712
65,328
36,708
29,845

1,442
1,507
3,524

3,245
2,092

153
373

2,520
1,721

1,020

8,705
17,989
36,090
22,943
18,433

4,153
9,003

21,501

14,342
10,936

869.4
286.2
99.4
108.2
92.6

975.6
397 -

Ether 158.1

Carbon di-sulphide. .

.

Chloroform

141.2
130.0

Vapors. K *5 K I>, L\ L\ D
5

v
,

Ether
Carbon di-sulphide . . .

908.5
311.6
116.3
120.1
94.0

940.7
336.2
130.1
130.0
98.8

1

.966

.607

.257

.246

.317

1.572
4.911
2.832
3.611

.029

.171

.903

.623

.695

.164

.866

2.798
1.827
2.301

.0*1

.447

1.717
1.180
1.405

9.37
18.59
18.53
8 . 25

12.23

Vapors. v i
y

5
w H E F M

Water 1.83
1.83
1.85
1.47
1.58

3.57
3.54
3.11
2.18
2.60

54.829
!

272,528
127,592 ! 592,904
202,506 ! 910,954
87,758 368,310
94,793 410,058

i

20.12 %
21.52$?
22.23 %
23.83$?
23.12$?

11.44
24.40
48.02
63.88
75.42

1

.853

Ether . 535

Carbon di-sulphide . 550
.761

Conclusions.

31. From Case I., which is simply an
illustration of a well-known law of ther-

modynamics, it may be seen that the the-

oretical effective work obtainable from
a given quantity of heat is, when Carnot's

cycle and the same limits of temperature
are employed, independent of the work-
ing fluid. At the same time, however,
the component parts of the total work
may vary very much, as is illustrated by
the figures in Tables I. and II., or, more
clearly, by the indicator diagrams,

Plate I.

32. On comparing the efficiencies of

the non-aqueous vapors in Case II. with

the same quantities in Case III., we see

that in every case, except that of ether,

the figures are larger in the former than
in the latter case. It would therefore

seem, at first sight that the method we
have taken of increasing the efficiency

by reducing the ratio of expansion must
fail. It must be remembered, however,
that while, in the ideal case, expansion
down to the back pressure is most effi-

cient, there are certain practical consid-

erations, such as condensation in the cyl-

inder and friction of engine, which make
a more limited ratio of expansion best.

It is to this best ratio that we have tried

to approximate in Case III., and hence
the performance of engines built for

working these fluids would agree more
nearly with the results of this case than
with those of Case II. It is for this rea-

son that we consider the results in Case
III. of more practical value than those of

the case preceding it ; and it may be seen
that, if we limit maximum pressure to

that employed in the steam engine, steam
is the most efficient fluid we can use.

The relative size of cylinder necessary to

produce the same power which is repre-

sented by the letter M in Tables III. and
IV., is smaller for steam than it is for the
non-aqueous vapors when all have the
same initial pressure.

Case V. resembles Case III. in having
the same final pressures, but differs in

having higher initial pressures in all

cases except that of steam. This higher
initial pressure, involving higher initial

temperature, and consequently greater
range of temperature, causes such an in-

crease of efficiency of the non-aqueous
vapors as to put them all above that of
water, and to cause some doubt as to

which woiild be the best working fluid,

judged thermodynamically only.

As the most convenient method of de-
ciding the question just raised, we may
compare each of the vapors with that of

water, showing then- advantages and dis-

advantages.
The vapor of alcohol gives us 1.4 per
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cent, more efficiency than steam, and re-
j

quires a cylinder whose volume is only
0.853 of that of the steam cylinder to

i

produce the same power. The disadvan-
j

tages of alcohol are the high tension of

the vapor, the great danger which arises

from the ready inflammability of the hot
liquid, and its cost.

The use of ether would give us a

greater gain in efficiency (2.11 per cent.),

and would require a still smaller cylinder

(0.535 of that of steam), but it is open to

the same objections as alcohol, and in a
more marked degree.

The vapor of bi-sulphide of carbon
gives a gain in efficiency of 3.71 per cent.,

and demands a cylinder 0.550 of that of

steam. It, however, is not only open to
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all the objections that have been stated

against alcohol and ether, but it has two
which are peculiar to itself, viz., its in-

tensely disagreeable odor, and its power
of rapidly corroding iron which comes
alternately into contact with it and with
the air.

The vapor of chloroform, which gives

a gain of 3 per cent, efficiency, and re-

quires a cylinder 0.761, the volume of that

of steam, is not open to the objection of

inflammability, but it has so high a cost

that it is probably impossible that it can
ever be used economically in competition
with steam.

All the apparent advantages of the
non-aqueous vapors may be gained in the

steam engine by an increase of initial

pressure ; and, as the tendency of mod-
ern practice is in that direction, it seems
certain that none of the non-aqueous va-

pors will ever successfully compete with
steam.

REPORTS OF ENGINEERING SOCIETIES.

American Society of Civil Engineers.—
October 1st, 1884.—Vice-President Wm.

H. Paine in the chair. The following candi-
dates were elected members : Burr Kellogg
Field, Philadelphia, Pa ; Charles Alfred Mar-
shall, Johnstown, Pa. ; Robert Imley Sloan,
New York, N. Y.

Mr. H. Trueman Wood, Secretary of the So-
ciety of Arts, London, England, presented a
short statement in reference to the International
Inventions Exhibition, which it is proposed to
hold in London during 1885. He expressed the
desire of the management of the Exhibition
that the engineers of America should know of
this exhibition and aid in securing its success.
It is one of the series of exhibitions which are
in progress, that of last year being devoted to
fisheries, and that of the present year to sub-
jects connected with health and education. The
Exhibition of 1885 will be devoted to apparatus,
appliances, processes and products invented or
brought into use since 1862. It is intended to
illustrate industrial processes, and not to exhibit
finished products unless required for full dem-
onstration of a particular process. The Ex-
hibition will be under the presidency of the
Prince of Wales. The Chairman of the Execu-
tive Committee is Sir Frederick J. Bramwell,
Vice-President Inst. C. E. Copies of a detailed
prospectus were presented by Mr. Wood. The
subject was referred to the Board of Direction
for consideration.

The death on September 25th of Isaac New-
ton, M. Am. Soc. C. E., was announced.
Announcement was made that Messrs. L. B.

Ward, E. B. Van Winkle and Amory Coffin
had been appointed Censors to award the Nor-
man Medal, and that Messrs. George S. Morison
and D. Farrand Henry had been appointed on
the committee to award the Rowland Prize.

Vol. XXXI.—No. 5—30

A paper by F. P. Stearns, M. Am. Soc, C. E.

.

" Experiments on the Flow of Water through a
48-inch pipe," was read. These Experiments
were made on a pipe on the line of the Sudbury
Conduit, used to carry water across a valley.

The pipe was cast-iron, coated with Dr. Angus
Smith's coal tar preparation.

ENGINEERING NOTES.

Monster Russian Bridge.—It is reported
from Russia that the question is being

agitated of connecting Cronstadt and Oranien-
baum by a bridge at a cost of £2,400,000. The
structure is to rest upon granite pillars fixed

by the caisson method, each of them protected
from the action of the waves during the preval-

ence of south-west wind by an angular wall like

guard of stone. The bridge will be about five

miles in length, and it is expected to be com-
pleted by 1889. When finished—if it is ever
finished— it will consist of two parts, a railway
and a foot-bridge.

H^he Severn Tunnel was begun in 1873 and
J_ is now approaching completion. It passed
under the Severn where it is 2\ miles wide.
The length of the line is lh miles, 4^ miles be-
ing in the tunnel under the Severn. It is made
almost wholly in rocks of trias and coal measure
formation. The lowest part of the line is at 60
feet depth at low water, and 100 feet at high
water. The work has been flooded on several

occasions, much water being met with through-
out the construction. The quantity of water
now being pumped is about 19,000 gallons per
minute. Other pumps are being erected which
will enable 41,000 gallons to be pumped. The
tunnel will be for a double line of way, and
will be lined throughout with vitrified bricks

set in Portland cement.

I^he Forth Bridge.—The contract for the

bridge has been let for £1,600,000. The
total length of the viaduct is about one mile and
a half ; the clear headway under the center is

150 feet above high water. ODeratious besan
in January 1883, and already about .£ 370,000

have been expended. The main piers are all

started ; the minor and end piers are in an ad-

vanced state. For the superstructure the iron

has been delivered. In one of the Fife piers

die drilling of the rock had to be abandoned, a

timber and clay coffer dam being constructed.

The difficulty in the shallow rock foundation at

the Forth much resembled Stephenson's when
building the Victoria Bridge, the contractors

treating it in much the same way. Forty-two
miles of plates are required for the tubular

compression. Finally the proper method was
hit upon, consisting in bending plates hot. giv-

ing them a straightening squeeze afterwards

when cold. No important modification has
been made in the design. One change was
made in attaching the superstructure to mason-
ry, which consisted in securing it to one of four
cylindrical piers in each group, and permitting

a certain amount of sliding on others. The
whole weight of the structure on the piers will

cause friction between the surfaces of the upper
and lower bed plates sufficient to prevent move-
ment except in rare cases. Experiments have
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proved that 56 pounds per square inch would
be the highest wind pressure likely to be en-

countered.
»^^«

IRON AND STEEL NOTES.

Tempering Steel by Compression. —We
have repeatedly alluded to the method

brought forward in France by Clemandot for

tempering steel by compression. Further de-
tails have been furnished lately by a report by
M. Ad. Carnot to the Societe d'Encouragement.
M. Clemandot's method consists in heating the
metal so that it becomes sufficiently ductile and
then submitting it during cooling to a strong
pressure. He noticed that this treatment affect-

ed the structure of the metal in such a way
that it acquired properties analogous to those
brought out by tempering. Tbe metal thus
obtained differs considerably from steel simply
cooled, by its finer grain, its greater hardness,
and its greater resistance to rupture, particular-

ly with certain grades of pretty high carbon
steel. In these respects it approaches in quality
steel tempered in water, without being identical
with it. It has two different effects, almost
simultaneously, an energetic and continuous
compression, and a rapid cooling of the steel.

The cooling is caused by the contact with the
platform of the hydraulic press, and takes place
much more rapidly than when the same piece
is allowed to cool without being compressed.
The remarkable results obtained by M. Cleman-
dot are explained by the combined action of
cooling and compression. The first, in its re-

sults, resembles the compression effected by
hammering or rolling ; the second, the effect of
tempering by immersion. It has been urged
that the piece of steel must be inclosed by a
mold into which it fits exactly. It is, however,
only necessary that the compression act upon
two opposite faces. A square bar, whether
straight, or curved to horse-shoe shape, need
only be laid down flat and compressed between
the two platforms of an hydraulic press. In
order to obtain the best results, the cherry-hot
piece of steel should be as rapidly as possible
subjected to the pressure settled upon before-
hand, ranging from 10 to 30 kilograms per
square millimeter.

While the tempering process by immersion
brings about an increase in the volume of the
steel and a corresponding decrease in its dens-
ity, the action of high mechanical pressure
during the entire process of cooling tends to
bring the metal back to its original volume or
its normal density, thus preventing the creation
of a state of intermolecular tension noted in
tempered steel. Actual experiment has con-
firmed these theoretical deductions, so far as
the resistance of the compressed steel to stress

is concerned.

RAILWAY NOTES.

IMPROVEMENTS IN THE PERMANENT WAY AND
Works of Italian Railways—By F.

Biglia.—This paper contains the results of the
second of the three commissions upon matters
relating to the Italian railways. The Berne In-
ternational Conference, recommended that the

international gauge should be changed from 4
ft. 8.5 in. to -1ft. 8.69 in. This was objected
to by the French and Italian delegates, because
in France many of the principal lines have a
gauge of 4 feet 9.08 inches, and in Italy the
gauge is fixed at 4 feet 8.89 inches, a mean be-
tween the French of 4 feet 9.08 inches, and the
German of 4 feet 8.5 inches. The Italian Com-
mission agreed to accept the gauge proposed at

Berne as soon as it should be adopted by the
French Government.

Foot Signals at Points.—The commission de-
cided that these are not to be considered as
stopping signals, their object being to enable
the station-men to see from a distance how the
points stand, and to show the engine-driver up-
on what line he is traveling. There was a long-

discussion as to the color to be adopted for these,

a red ought to be used exclusively for stop sig-

nals, but nothing was decided. These signals

are to be limited to the points at the ends of

stations, and to those giving access to large
groups of good sidings.

Level-crossing Barriers workedfrom a distance.

—The following are the decisions of the Com-
mission in regard to these. A bell is to be fixed

near each barrier, and rung before it is moved,
to give notice to travelers. Barriers must be
visible from the points atwhich they are worked,
which must not be at a greater distance than
1,600 feet. Lights are not to be provided, ex-

cept in special places. One' man is not to have
more than two distant barriers under his charge,
in addition to his own gate, and the levers must
be within 32 feet of each other. The barriers

are to be placed parallel to the line, at a distance
of 6 feet 6 inches from the nearest rail ; there is

to be a separate lever for each side of the line,

and the barriers are to be constructed so that

they cannot be opened and shut by passers by.
They are to be weighted so as to close gradually
in the event of the connection with the lever

breaking. The use of these barriers is to be
confined to unimportant roads and to single

lines of railway upon which the traffic receipts

are less than 35,000 lire per kilometer per annum.
Three-throw Points—It was decided to allow

these to be used, but not upon lines traversed
by express trains; the central line must be
straight. They may also be used on express
lines at stations where all trains stop. A system
of double points, by means of which trains run-
ning in either direction upon either of two lines

of way, can either keep their own line or be
shunted on to the other, is permitted to be used
in certain cases, but limited to slow lines and
sidings.

Attachment of Trolleys to Trains.—One of the

questions discussed was whether trolleys might
be attached to trains by slip-couplings. It was
objected that the attachment being necessarily

above the center of gravity of the trolley, there

is a tendency to turn it in a vertical plane round
the front axle whenever this encounters the

slightest resistance. On the other hand the

plan is most useful for drawing heavy loads up
steep inclines, for when the workmen have to

push the trolleys themselves, they arrive at the

place where they are going to work exhausted,
and, which is worse, in a state of heat which
exposes them to attacks of fever in^unhealthy
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districts. The Commission decided to allow
the attachment to slow trains on lines having
gradients steeper than 1 in 100.

Traffic at Level Crossings.—On the Italian
lines there is generally a level crossing at each
station, and as these are situated in populous
places, they are the occasion of constant com-
plaints from the inhabitants, owing to the length
of time during which the gates are closed, either
on account of the trains being late or during
shunting operations. There are also frequent

. crossings in the open country. If it is proposed
to substitute a bridge for a crossing, the neces-
sary approach is objected to, especially in level
districts, when the necessary gradient would
limit the load which animals can draw. Besides
this, owing to the station-sidings it would often
be necessary to carry the road across the line

at some distance from the station, and this

would necessitate a long diversion. The time
during which the gates are closed can be limit-

ed by the use of signals, but, on the other hand,
it is impossible to run quick trains when the
driver has always to be ready to stop at these
signals. After some discussion, the Commis-
sion decided (1st) that in order to insure suffi-

cient protection of level crossings at which it is

important to limit the time of closing the gates
as much as possible, they might be entered in

the time-tables and treated like stations, and
provided with disk signals and electric in-

struments to give notice when the trains are
late

;
(2d) that at less important crossings it

will be sufficient to provide telegraph commu-
nication with the nearest station

;
(3d) that on

main roads crossing lines of heavy traffic, es-

pecially where the roads have steam trams on
them, it is essential that bridges over or under
the railway should be built, and, considering
the interests involved, the cost may be divided
between the railway and the public bodies
which would benefit by the change. It must
not be forgotten that the cost of gate-keepers
will be saved.

Ballast.—Ever since the construction of rail-

ways was commenced it has been a disputed
point whether the ballast should cover the
sleepers or be laid level with their upper sur-
face; the former system protects the timber
from the direct rays of the sun, from sudden
changes of temperature, from moisture, dry-
ness, and frost, and gives excellent results in
preserving the sleepers from decay. These ad-
vantages are, however, denied by some engi-
neers, who consider that covering the sleepers
makes them decay more rapidly, and increases
the first cost of the line and the difficulties of
maintenance.
The Commission came to the conclusion that

though uncovered sleepers may be preferable
in northern climates, it is necessary in Italy to

completely imbed them in the ballast.

Working strains allowed in Iron Roofs and
Cranes.—The working strain allowed in bridges
in Italy is 3.81 tons per square inch, provided
that the breaking-strain is not less than 20.32
tons, and the limit of elasticity 9.52 tons per
square inch. Italy being entirely dependent
upon foreigners for supplies of iron, it is found
more economical to use Belgian iron, which
will stand these tests, rather than stronger but

more expensive material. For roofs the Corn-
mission fixed upon working-strain, 5.08 tons;
breaking-strain, 22.86 tons per square inch,
with 8 per cent, extension. Various methods
have been suggested for limiting the weights
lifted by cranes, among others Hohene^
apparatus, which indicates the weight which is

being lifted, and automatically prevents the lift-

ing of weight in excess of that which the crane
is designed to carry. The Commission deter-
mined to conduct trials with this apparatus.
There is annexed to the Paper a report upon

lighting carriages with oil lamps.

—

Abstracts
of the Institution of Civil Engineers.

ORDNANCE AND NAVAL.

Re-arming the Navy.-—About 400 of the
new steel guns have been completed at

the Royal Gun Factories, and these are nearly
sufficient for the re-ai'mament of the smaller
ships of the Royal Navy. More than 150 of the
new guns are of the 6-inch class of breechload-
ers, and seven-eighths of the whole are espe-

cially adapted for sea service. Large guns for
the heavier ironclads are now in course of con-
struction and all the guns now made being of the
type described by Colonel Maitland in his recent
lecture as the latest combination of all that is

best in all the best systems, it is hoped that

within a year or two the present deficiencies in
the armament of the Royal Navy will be satis-

factorily repaired.

—

The Engineer.

Torpedo Experiments in Bantry Bay.—
Two experiments with fully charged

Whitehead torpedoes have been made by two
vessels of the Channel Squadron at Bantry Bay.
The steam pinnace of the Minotaur discharged
a Whitehead torpedo at a large rock at the head
of the bay. The machine ran at a rate of 13

knots an hour, being loaded with a charge of

117 lbs. of gun-cotton. It was adjusted to run
400 yards, and was discharged when the pin-

nace was about 300 yards from the rock. The
torpedo, a 16-inch one, weighed 600 lbs. It

struck the face of the rock 7 feet from the sur-

face and threw up about 30 tons of water to a
height of 300 feet, also several pieces of rock.

The result of the experiment was considered
most satisfactory, the more so as the rock was
very unfavorable for the purpose, containing a

number of crevices and presenting no even sur-

face such as a ship would. The base of the rock
was nearly destroyed, large pieces being dis-

connected. The second experiment, conducted
by the Neptune, w7as not successful ; the ma-
chine did not go fair and missed. It ran its

full course of 400 yards and sank. During the

stay of the fleet numbers of successful experi-

ments have been conducted with submarine
mines and stationary torpedoes.

BOOK NOTICES.
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No. 1892.—The Ashti Tank. By Charles
Toler Burke, M. Inst. C. E.
No. 1985.—On Galvanic Action Between the

Various Irons and Steels in Sea Water. By
Thomas Andrews, F. R. S.E.; Assoc. M.I.C.E.
No. 2014.—Water Supply in Peru and Dis-

tilling Apparatus at Iquique. By Charles
Malcolm Johnson, R. N. ; Assoc. M.* I. C. E.

Abstracts of Papers in Foreign Transactions
and Periodicals.

No. 2008.—The New Harbor of Trieste. By
Friedrich Bornches.
No. 2015.—Old Water Supply of Seville. By

George Higgin, M. I. C. E.
No. 2010—The Area of Sluice Opening for

a Tidal Canal. By James Henry Apjohn,
M. I. C. E.
No. 1972.—The Passage of Upland Water

through a Tidal Estuary. By R. W. Peregrine
Birch, M. I. C. E.
No. 1964.—A Dioptric System of Uniform

Distribution of Light. By Alexander Pelhorn
Trotter, Assoc. M. I. C. E.
No. 2000.—Wood Pavement in the Metropo-

lis. Bjr George Henry Stayton, Assoc. M.I.C.E.
London : Published by the Institution.

A Treatise on Steam-Boiler Incrustation.
By Charles Thomas Davis. Washing-

ton : Industrial Publishing Co.
There is no doubt of the importance of the

subject of this practical treatise. The author
has endeavored to furnish "reliable informa-
tion as to the various compounds and mechan-
ical apparatus employed for the prevention of
boiler incrustation," and has achieved a fair

success. The book presents but little improve-
ment upon former works on the same subject,
Rowan's for example, so far as explaining the
causes and cure of the evil are concerned, but
is much fuller in its description aided by dia-
grams of different methods.
On the other hand, the author rests content

with mere enumeration and brief description of
the various processes. Of their relative effi-

ciency the reader is left to draw his own in-

ference.

ATreatise on Ore Deposits. By J. Arthur
Phillips, F. R. S. London : Macmillan

&C©.
That this treatise will be accepted as a stand-

ard authority may be safely assumed. The
previous works of the author have earned for
him the reputation of a careful and industrious
contributor to the literature of metalliferous de-
posits. His " Manual of Metallurgy," and "The
Mining and Metallurgy of Gold and Silver," are
well-known books of reference in all libraries
of general technical literature.

The first part of the new treatise is devoted
to " ore deposits in general." This part may
be read with profit by students of geology who
have no interest in hunting ores. The various
ways in which the accumulations of valuable
metallic compounds have been brought about
are discussed and fully illustrated by dia-
grams.

Beginning with superficial deposits, the au-
thor describes their accumulation under the

mechanical action of water and the chemical
reaction which has caused precipitation out of

solutions.

The origin of Stratified Deposits is next con
sidered, and the theories of precipitation with
or without subsequent metamorphism, are

clearly set forth. The dissemination through
sedimentary beds receives its full share of at-

tention.

The next section, Unstratified Deposits,

would of itself make a valuable handy book
for the mining engineer. It is devoted to the

description of the so-called mineral " veins " of

all kinds. In succession are presented Modes of

Occurrence of True Veins, Intersections and
Faults, Structure and Composition, Distribution

of Ores in Lodes, Out-crop of Lodes, Grouping
and Sequence of Minerals in Lodes, Influence
of Depth, Influence of Country Rock, Age of

Mineral Veins, Genesis of Mineral Veins, The-
ories respecting the Formation of Mineral
Veins, Segregated Veins, Gash Veins, Impreg-
nations, Contact Deposits, Fahlbands, Cham-
bers or Pockets. Diagrams are abundant
throughout.
Part Second describes the " Ore Deposits of

the Principal Mining Regions," and is divided
into shorter sections each of which deals with
the mines of a country. In addition to the

geological and physical features of the mining
regions there is added in many cases the his-

toryjof the earlier operations and the statistics of

the later ones. It is not often that a book
bearing a title suggesting only a technical

value contains so much varied and in every
way valuable information.

ATreatise on Chemistry. By H. E. Roscoe,
F. R. S., and C. Schorleunner, F. R.' S.

Vol. III., Part II., 8vo, cloth, New York : D.
Appieton & Co.
The second part of the volume on Organic

Chemistry of the work which has been described
as "the finest systematic treatise on modern
chemistry," has just been published.
New discoveries are continually extending the

confines of organic chemistry. A few years
ago, all that was known concerning it could be
summed up in a few brief paragraphs, but the

magnificent discoveries in the department of

dyes, the wonderful development of synthetical

chemistry have led to increased activity in this

branch of chemical science, so that to-day a
description of its compounds requires a space
equal to, if not greater than, that of mineral
chemistry.
A full review of the contents of this book

cannot be attempted here. A few remarks on
this point, however, will not be out of place.

Among the uric acid compounds, descriptions

of caffeine and theobromine will be found. The
similarity of their composition to that of certain

of these bodies suggests that the preparation of

these so-commonly used alkaloids from guano,
may be possible.

Glycerot, generally called glycerine, is fully

described. Its preparation, its properties, its

derivatives (including nitro-glycerine), and its

applications are thoroughly discussed. We find
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that when "it is allowed to stand in a suffi-

ciently concentrated condition at 0° C. (32° F.),

crystals form after some days." Its boiling
point is stated to be 290° C. (554° F.)* The
carbo hydrates are treated quite fully, cane
sugar naturally receiving most of the attention.

Grape sugar is not neglected, but sorghum
sugar receives scant justice and is dismissed
with a paragraph. With cellulose, its explosive
derivative gun-cotton, collodion also, and the
details of paper-making come in for considera-
tion.

For the benefit of those who desire more de-
tailed information, foot notes containing refer-

ences to original memoirs are given on nearly
every page. Clear, beautiful illustrations, en-
graved especially for this work, are inserted
where necessary.

In 1877, nearly eight years ago, the first of
this series appeared, and the present volume,
completing the work, fully sustains the promise
of that initial portion.
The distinguished authors, Prof. H. E. Ros-

coe and Prof. C. Schoiieunner, of Owens' Col-
lege, Victoria University, Manchester, England,
deserve our thanks and congratulations for
having brought to a successful termination so
beautiful and perfect a work on chemistry.

It is not excelled by any similar treatise in
the English language.

"

The Attack and Defence of Coast For-
tification. By Captain Edward Ma-

<juire, Corps of Engineers of the U. 8. Army.
Published by D. Van Nostrand, 23 Murray
Street, New York City.

From the earliest times the problem of the
defence of its coast has occupied the attention
of every nation having a border on the sea. In
every country the seaboard towns are the main
sources of the nation's wealth. Consequently
the defence of these towns from destruction
or occupation by an enemy is a matter of in-
terest to every inhabitant who has anything
at stake, whether it be dollars or whether it

be national pride. The whole history of the
attack and defence of coasts is but a record
of progress and development

;
progress in the

art and science of war and development of
the applied means of attack and defence. The
close of the war of the rebellion found the
United States the best fortified country in the
world with the finest forts and the best guns.
But the long and valuable experience of that
war led to much scientific study of both ships
and forts. The European nations have devoted
much time and money to the problem of guns-
afloat and guns-ashore. During the many years
of costly experiments guns grew in size and
power, and ships' armor increased in might and
strength, and at the present time we have huge
armored floating citadels like the Italian
"Duilio." But ships must manoeuvre and for
that purpose they must possess certain very
essential qualities—flotation, stability and sail-

ing capacity. These qualities put a limit in the
size of the ship and hence on the weight of its

armor and armament. That limit has been
reached, and to-day the problem of the attack
and defence of coast-fortifications is susceptible

* See p. 173, August, 1884, issue of this magazine.

of solution and the principles upon which that
solution depends are simple in character and of
application. The little book now before us
aims at an exposition of these principles. It

treats of naval fighting means, giving a descrip-
tion of the different kinds of war-ships, as well
as discussing the operations of a fleet against
coast-fortifications ; it devotes much attention

to coast-forts and batteries ; obstructions and
sea mines; accessory defences, the armament of

batteries; the general measures of coast de-
fence, and closes with an example of modern
coast-defence. It contains many illustrations.

The writings of the great European nations as

well as of our own have been called upon by
the author for material for his work. What
originally commenced as a series of professional
notes he has developed into a book. The intro-

duction gives an insight into the author's object
in publishing the work. It reads as follows :

"As a rule the periodical military literature,

as well as the text-books, treat the above men-
tioned subjects only by piece-meal, and usually
only with reference to secure particular work
which the author at the time has on hand.
Under such circumstances one is forced to wade
through a great mass of material in order to
garner that which is worth knowing. This is a
tedious and often impracticable process. Books
are expensive, professional libraries scarce; and
a knowledge of French and German, at least,

is almost indispensable to the student.
" Again : a great many of the text books go

too much into the details of old forms, and de-
vote too much attention to dead issues. The
tendency is to force the young man to spend
part of his life in a past age ; that is, to encum-
ber his mind with a mass of information which
even his grandsire would have been glad to have
forgotten."
There has of late years grown up the idea

that torpedoes alone will constitute a sufficient

defence for this country. Congressmen make
long speeches in favor of torpedoes and re-

fuse to vote an appropriation for forts and
guns. Even some professional soldiers have
been carried away with the defence of our har-
bors by means of submarine mines alone. The
very uncanniness of the torpedo and the gen-
eral ignorance of the masses of the true na-
ture of submarine mines has invested them with
a species of awe and admiration. The author
of the book is an advocate of forts and big
guns and closes his discussion of submarine
mines as follows

:

"Submarine mines can in no case replace
guns, especially as their own security depends
upon guns. Guns and passive obstructions
may constitute an effective defence, but submar-
ine mines alone—never. It must be distinctly

borne in mind that a submarine mine has but
one life, and, having been once exploded in ac-
tion, it cannot be replaced ; while the activity

of the guns is limited only by the supply of

ammunition.
" Submarine mines, more than any other wea-

pon, call for experience, skill, training, and the
closest attention on the part of those operating
them. From the very nature of things they
must be operated by "the few.-" white guns
can be fought by "the multitude," and without
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very great training. It is a well-established
principle that all engines-of-war should be as

little complicated as possible, and as free as

possible from delicate parts ; therefore the main
defence should never be left to submarine mines,
which any one of a number of unforeseen acci-

dents may render useless, and which can be
operated by only a few men whom it would be
difficult to replace in time of action."

While the book is written especially for the
professional soldier it should not be without in-

terest for every thinking citizen. There is very
little of the purely technical in it, and as a
whole it is easy of comprehension. The pub-
lishers have done their work well. The volume
is a handsome one, clearly printed, and ele-

gantly bound.

—

Commercial Advertiser , Buffalo.

A Practical Treatise ox Electric Light-
ing. By J. E. H. Gordon, B. A., M. S.

T. E., etc. New York: D. Appleton & Co.
1884. pp. 228. Price $4.50.

This book is from a pen which has already
achieved a reputation by the production of an
excellent treatise on '

' Electricity and Magnet-
ism," doubtless known to many of our readers.

In his first work, however, the author wrote
from the standpoint of the physicist, while in the

present work he writes rather from the stand-

point of the inventor. This change of the au-

thor's position relatively to his theme is, as

might be anticipated, detrimental to the book
to a great extent.

It is undeniably to the credit, as much as we
trust it may be to the profit, of the author to

have sought to lend a hand in the practical de-
velopment of the art of electric lighting. But
in turning inventor he has placed himself in

such a relation to this art that his judgment
must inevitably suffer from the changed per-

spective. He is no longer sufficiently removed
from the whole field to be able to see things as

"outsiders" see them. What is immediately
near him seems to grow in size, while every-
thing else fades into insignificance. The par-
tiality of the author to his own or his friends'

methods would not be so objectionable were it

separable from a certain indifference and preju-
dice which obscure or ignore the methods of
others.

The book is divided into twenty-one chap-
ters, but one of these (Chapter XIX.—" Cen-
tral Station Lighting ") is merely laid out, the
five lines under this head being intended as a
prospectus of a" long chapter" which is to be
inserted there in a future edition, the author
not being prepared, " for various reasons," to

write it for the present edition. We venture to

say that if there had been any central station
on the '

' Gordon " plan to describe, one of these
various reasons at least would have been re-

moved. As for what has been done by Edison
in central station lighting by incandescence,
and by Brush and others in arc lighting, it was
probably not worth mention.
Of the twenty filled chapters, about ten are

extremely good, and the rest as extremely bad.
The good chapters are those in which the
principles underlying the art of electric lighting
are analyzed and elucidated. In these chapters
there is no evidence, at least, that the author

has an axe of his own to grind. We think so
well of these portions of the work that we re-

gret that the author did not publish them sepa-
rately with the excellent tables contained in the
appendix, and, by so doing, give us a most ex-
cellent treatise on " The Principles of Electric-

Light Engineering." Chapter I. (Principles of
Artificial Lighting), Chapter II. (Conversion of
Electric Currents into Heat), Chapter III. (Elec-

trical Units, Heat, Work, etc.), and Chapter IV.
(Rules for the Resistance of Divided Circuits)

fulfill their respective missions in a very credit-

able manner, making intelligible much that has
failed to become plain in the hands of other
writers. We might say the same of Chapter
IX. (Magnets and Electro-Magnetic Induction)
and Chapter X. (General Principles of Electri-

cal Generators), and also of Chapter XVII.

,

though in this case the author has sacrificed

much of the clearness for the sake of brevity.

Chapter VIII. (Carbons for Arc Lamps) is one
of the most interesting and valuable in the

book, especially so since there is little said in

other books on this subject. Chapter XL (On
Designing Dynamos, and on their Mechanical
Construction) is that to which we feel disposed

to award the palm for excellence. We believe

that to many this chapter alone will be worth
the price of the book, for it gives many practi-

cal hints and methods, and, above all, it teaches

common sense. If we add to these Chapter
XXL, which is merely a reprint of the " Rules

for the Prevention of Fire Risks," drawn by
the Society of Telegraph Engineers, and the

Appendix, which contains a number of very

useful tables, we shall have mentioned about

all that can pass without adverse criticism.

The chapters not yet named are those which
are wholly or mainly descriptive, and they all

suffer from the illusion of perspective which
we have explained above. We fear that the un-

wary student will often get from these chapters

impressions and prejudices that were better

avoided. What concerns Mr. Gordon or his

friends is very fully described, even to obsolete

forms and to minute details. As for other in-

ventors and inventions, they are either ignored

altogether, or else passed over with descriptions

too meager, too careless, we might say, to be

reliable and useful.

In Chapter V. there is not even a mention of

the Deprez-Carpentier current meters, after

which were patterned those of Ayrton & Perry,

which are so fully described. In Chapter VI.

the lamp most extensively used the world over

—the Edison lamp—receives the least attention,

namely, one page with one illustration, which
follow some ten pages, including fifteen plates

and illustrations, devoted to the "evolution" of

the Swan lamp. In Chapter VII. the author

shows his deference for his friend, Mr. R. E.

Crompton, by telling all he can about his lamp,

and as little as possible about any others. Four
forms of Crompton arc lamps are described at

length, with numerous figures, and only two
other lamps, the Serrin and the Brush, are re-

ferred to. Chapter XII. (Some Typical Alter-

nating Current Machines) contains a "refer-

ence " to the machines of De Meritens and Sie-

mens, a "criticism" of the Farranti machine,
and a "description" of the Gordon dynamo.
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Chapter XIII. (Some Typical Direct-Current
Machines) begins with a full description of the
Crompton-Burgin machine, after which come
rather inadequate descriptions of the Brush-
Siemens and " large " Edison machines. The
author doubtless imagines he has given his

readers "a representative selection," for he
says in the preface: "In describing machines
and lamps I have not thought it necessary to

describe many, but have selected those which
are typical of different classes." Chapter XIV.
(Regulation of Machine) is evidently intended
to force a conclusion, and this conclusion is

printed in italics at the end of the chapter.
Briefly, this conclusion is : The true secret of
successful regulation is Mr. Gordons own plan.
Mr. Gordon's plan of regulation does not
contemplate by compound winding, and of

course he "doubts if compound winding, in

spite of its apparent simplicity will be much
used in the future, except for small machines !"

Mr. Gordon sees no earthly use in storage
batteries, and Chapter XVI. is devoted to the
proof of that doctrine. These details are suf-

ficient to show that the descriptive portions of

this book are to be taken with a rather large
grain of allowance for the author's partiality

and prejudices—a personal equation which un-
doubtedly would not appear if the author were
not identified with the art as an inventor. As
for the rest of the book, it is, as we have said
already, most excellent, and it will perhaps
bring the book into favor in spite of the faults

we have just noted.

he Theoby of Deflections and of Lati-
tudes and Depastures—with Special

Application to Cuevilineae Suevets foe
Alignments of Railway Teacks. By Isaac
W. Smith, C. E. 16 mo., morocco tucks. Price,
$3.00.
Geometer is the Greek word for a land sur-

veyor or measurer, and, at the present time,
geometry would seem to be all Greek to a large
portion of such geometers. Chiefly because of
the false definitions of quantities given in the
text books used in schools and colleges, on ac-
count of which graduates in mathematical
courses, on attempting to reduce their theories
to practice on any other than a paper field, are
confronted with quantities of which they have
had no previous knowledge, and are unable to
solve the simplest problems beyond the compu.
tation of the sides and angles of a triangle.

It is claimed by authorities in geometric
science that their conclusions are based on defin-

itions easily understood, and on self evident
axioms and postulates, but any one of ordinary
common sense, who will trust to his own judg-
ment and not be overawed by the weight of
authority, will find by examination that their
premises are often in direct opposition to their
conclusions.
An angle, for instance, is defined by Euclid

(see Playfair's translation), as " the inclination
between two straight lines which meet and are
not in the same straight line ;

" by Legendre as
" the quantity, whether greater or less, by which
two straight lines which meet depart from each
other as to their positions^' and by Davies as
"the space, or the divergence, between two
straightlines produced to intersection;" and from

T

these widely different definitions, as a relation
between two straight lines which are not in the
same straight line, they each deduce the same
elementary proposition, that the lines are in the
same straight line when the angle is 180 decrees.
From these definitions it will therefore follow

that the inclination, or the departure, or the
space, or the divergence, between two lines is

twice as great when they are portions of the
same straight line as when they are perpendic-
ular, or at an angle of 90 degrees.
This absurd conclusion, that the angle be-

tween two straight lines comes into existence
only when they are produced to intersection, has
been the source of countless blunders and much
useless waste of money, especially on railway
surveys, on which it is necessary to calculate
the sign and magnitude of each tangential de-
flection on the alignment.
In proof of this might be cited a circular issued

by the chief engineer of an important transcon-
tinental road, instructing his assistant engineers
to produce always to intersection tangent lines
from the extremities of each circular arc ; nor
is this in any way a singular instance of super-
mathematical stupidity. In a work for instance,
on the elements of plane surveying and naviga-
tion, by the late Mr. Davies, professor of mathe-
matics in the United States Military Academy
of West Point, after defining an angle as the
portion of a plane between two straight lines
which meet at a common point, he gives four
elaborate rules for determining the angle be-
tween two straight lines from their bearings and
adds, in a note, that "the above principles are
determined under the supposition that the two
courses are both run from the same angular
point, hence, if it is required to apply them to

two courses run in the ordinary way, as we go
around the field, the bearing of one of them
must be reversed before the calculation is made."
In application of these rules it is then stated

that, when the bearings of two courses are X
39 W and S 48 W, the angle between them is

93 degrees when measured from the same
angular point, and 87 degrees as " we go around
the field." The same confusion of ideas exists

as to the natures of other trigonometric quan-
tities.

A ship sails 100 miles in a direction 30 de-
grees right or left of a north direction ; the de-
parture at right angles to a north line, is a half

mile to the mile, and has the same sine with
the bearing, and this rate of departure, equal to

five tenths, is the sine of the bearing, and the
departure in 100 miles is 100 times the sine of
30 degrees and equal to 50 miles.

But turning to Legendre it will be found that

the sine is the perpendicular let-fall from one
extremity of an arc upon a radius through the
other extremity, and hence it would follow that

a sine is not a constant quantity, but varies
with the radius of the arc by means of which
it is measured.
Plane trigonometry, or the problem most fre-

quently recurring in plane trigonometry, is the
determination of the relative positions oi points,
or the direction and distance from one point to

another, and it is singular that direction is sel-

dom or never considered or even alluded to in

text books.
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A direction may be defined either as from
one known point to another, or by the bearing

or deflection, right or left, from some known
direction. The "relative position of two points

may also be defined by the difference of their

co-ordinate distances from two axes of known
directions or, wheu the axes are rectangular, by

j

the differences of their latitudes and departures.

The deflection from any direction to the same
direction again is equal to 360 degrees ; if the

deflection from a direction BA to a direction B
C is 180 degrees, A, B and C are on the same
straight lines ; the total deflection from one di-

rection to another is the algebraic sum of the

partial turns made in making the deflection;

the departure of a line is the perpendicular dis-

tance, right or left, to the terminal point from
an axis of given direction through its initial

point ; the sine of the bearing from the given

axis is the rate of departure, and the sign of the

sine and departure is the same with that of the

bearing ; the departure of the closing line from
the initial to the closing point of a series of

lines is the algebraic sum of the departures of

the several lines composing the series. This is

a brief summary of the principles of plane trig-

onometry, and the quantities are the same by
the rough calculation of which the hunter or

explorer can approximately determine the di-

rection and length of the closing line from his

starting point.

The theory of latitudes and departures has

been long in use in plane surveying and navi-

gation, but the theory of deflections, although
applied to some extent on railway surveys, has

not been reduced to a mathematical system.

The object of the work is the application of

these theories to the solution of problems in

curvilinear surveys for alignments of railroad

tracks, and it contains, besides the strictly

mathematical propositions, the solution of all

classes of problems generally presented in such
works, and of many which, although of con-

stant application, have hitherto been solved by
the process known among surveyors as fudging.

Many of the propositions are not new, but
they are derived by an original process, and
based on the true nature of trigonometric
quantities, and are an extensive experience in

all classes of surveys in the Eastern States ; in

Mexico, and on the Western Coast, in the ser-

vice of the Northern, Southern, Central, and
Oregon Pacific railroads, in yard work and in

the several capacities of leveler, transitman,

assistant, Division and Chief Engineer, and on
reconnoissances, preliminary and location sur-

veys, as well as on construction.

Surveying does not require a high order of

engineering talent, but what must be done
should be well done, and few can realize the
great and useless expenditures by men who can
compute without understanding the quantities

computed, or who understand their quantities

without the ability to compute.

MISCELLANEOUS.
MJacquelain has endeavored to procure

. a pure carbon for electric purposes that
should be as hard and as conductive as gas car-

bon. He first takes gas carbon, which he sub-
mits to four processes : (1) Treatment with dry

chlorine at a red heat for thirty hours
; (2)

treatment with hot alkali for about three hours
;

(3) immersion in hydrofluoric acid—one to two
of water—at a temperature of 15 deg. to 25
deg.

; (4) carbonized by heating strongly in the
vapor of a high boiling hydrocarbon, for com-
mercial purposes gas tar will do well. All

these operations may be performed after the
carbon has been cut into sticks. By these proc-
esses, which do not seem to be new in any
particular, the Scientific American says, the

impurities have been reduced to a minimum,
and a good, pure carbon is obtained.

On the Preservation and Use of Beeoh-
wood for Railway Sleepers.—By Claus.

—The use of railway sleepers of beechwood
has hitherto been very limited. In Germany
only about 1 per cent, of the sleepers is of this

wood, and in Austria 3 per cent., although large

beech forests are available in both countries.

The slight durability of ordinary beech sleepers

is the chief reason of this ; their life is reckoned
at two and a half to three years, while oak will

last fourteen to sixteen, and fir seven to eight

years. The best method of preserving beech
sleepers appears to be impregnation with creo-

sote. Prepared in this way the average dura-
bility of the wood for railway purposes appears
to be about eighteen years, while chloride of

zinc only preserves it for fifteen years. Sleepers
impregnated with sulphate of copper or sulphate
of barium had to be replaced after four or five

years. In many places the expense of impreg-
nated beech-wood is so much less than that of
oak, that it might be used with great advantage
were it not for the peculiar manner in which
some beech sleepers have been observed to give
way under sudden strain. In such cases the
exterior of the wood appears perfectly sound,
while the heart has become rotten and affords

no hold for spikes or bolts.

In France the proportion of beech sleepers is

much larger than in Germany ; they are chiefly

impregnated by Blyth's method, by which each.

sleeper absorbs about 22 lbs. oil of tar, while in

Germany 36 lbs. of creosote are injected. The
French method does not appear to remove the or-

ganic matters, which are liable to decomposition.
In Germany Rutger's method is in use for

preparing these sleepers. They are gradually
raised to a temperature of 130° Centigrade, and
dried for at least four hours, until they cease to

give off vapor and are completely warmed
throughout. They are then removed, on the

same trucks upon which they have been dried,

to the creosoting apparatus. This consists of a

horizontal cylinder with hermetically closed
doors in which a partial vacuum is produced
and maintained for half an hour. The warm,
creosote is then allowed to enter the cylinder,

and the whole is subjected to a pressure of 100
lbs. per square inch for one hour. Before in-

jecting the creosote it is advisable to extract by
boiling so much of the sap from the timber as
is possible. This should be done while the
wood is new and before the sap has begun to

ferment. After this operation the sleepers must
be allowed to dry for two or three months.
Beechwood prepared in the above manner ap-
pears to be well suited for railway sleepers.

—

Di?igle?'
,

s Journal.
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THEORY OF THE SLIDING FRICTION OF ROTATION.
By ROBERT H. THURSTON, HOBOKEN, N. J.

From Transactions of the American Society of Mechanical Engineers.

Sliding friction in systems of mechan-
ism gives rise to losses of energy and to

increase of resistance which are usually
very considerable, and which are often
the only sources of "lost work," and of

the reduction of efficiency below its

maximum value—unity. In any well-

proportioned and properly managed ma-
chine or train of mechanism, the wastes
of energy are due solely to friction ; in

badly-proportioned mechanism, subject

to overstrain or shock, causing deforma-
tion 'of parts, energy is lost equal in

amount to the work expended in produc-
ing permanent distortion. But as the
engineer generally only considers cases
of correct construction in determining
the magnitude of such waste, it may be
asserted, as a general and fundamental
principle, that, in all good engineering, the
sole cause of waste of mechanical energy
is friction. These facts and this principle

sufficiently indicate the importance to
the engineer of a careful study of the
magnitude and of the method of such
losses.

The writer has elsewhere* given the
results of experimental determinations of

the values of the coefficients of sliding

friction, and has shown that the lost work
in mechanism varies very greatly in

* Friction and Lubrication, Railroad Gazette Publish-
ing Company, New York, 1878 Materials of .Engineer-
ing, Part I., 2d Edition, J. Wiley & Sons, New York,
1884.

Vol. XXXI.—No. 6—31

amount; that it is, under favorable cir-

cumstances, vastly less than has been
generally supposed ; and that it is influ-

enced, where lubrication is employed, by
every change of velocity of rubbing, of

temperature, and of intensity of press-

ure, as well as by the character of the

lubricant.

In machinery and mill-work, and in

mechanism generally, it is usually found
that the wastes of energy caused by slid-

ing friction are principally due to friction

of rotation ; i. e., to the friction of shaft-

ing, of journals, and of pivots in their

bearings. This form of friction, and
this method of waste, are the subjects of

the paper here presented. The friction

of straight sliding pieces has been fre-

quently studied and is well understood

;

that of rotation has been less fully inves-

tigated, although considered at some
length in a few treatises. The import-
ance of the subject is such, however, as

will justify the most extended examina-
tion.

The Friction of Journals causes a
waste of the energy traversing a machine,
which is dependent in amount upon the
velocity of rubbing, the magnitude of the
load, the method of distribution of the
resulting pressure, and of variation of its

intensity, the size of the journal, the na-
ture of the lubricant and its physical
condition, especially as determined by its
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temperature, and on the value of the co-

efficient of friction as determined by all

these modifying conditions.

A journal in good order, well-fitted,

and smoothed down by prolonged work-
ing, should never show evidences of

measurable wear. Such journals have
sometimes been known, by the writer, to

show no appreciable alteration of form
and fit after years of constant work.

The First Case of permanent fit of

journal is that in which the journal is ex-

actly fitted to its bearing when new, and
so perfectly adjusted that no sensible

wear takes place. In this case, the press-

ure brought upon the rubbing surface

by the load is distributed by a certain

method of yielding of the loaded metal,

and according to a simple and definite

law, the investigation of which is one of

the principal objects of this paper. Un-
der this law, an adjustment takes place

which, if the bearing surfaces are suffi-

ciently large, of good material, and well

lubricated, is permanent.

The Second Case is that in which wear
occurs, and until all parts of the journal

and bearing in contact wear until a " fit

"

is thus attained, such that every part is

compelled to carry equal pressure, and
until wear ceases to be observable.

The Third Case to be considered is

that in which the journal is loose and the
bearing surface, or surface of actual con-
tact, is assumed to be a straight band of

inconsiderable width.

These are the three typical cases for

cylindrical journals, and these cases only

are to be here studied. Actually, in prac-

tice, probably, neither case is often met
with ; the real condition of the journal is

usually intermediate between one or the
other pair of these type-examples.

It is evident, from what has been just

stated, that the friction of journals, other
things being equal, depends greatly for

its amount upon the method of distribu-

tion of pressure, and is not necessarily,

and probably may not be often, measured
exactly by the product of the load on
the journal by the coefficient of friction.

It may be sometimes, and in fact often is,

very much greater. It thus becomes an
important problem to determine the man-
ner in which variation of intensity of

pressure affects the total resistance due
to friction, and the method of that varia-

tion as produced by the different modes
of fitting journals.

The Wokk Done and Heat Developed,
by the friction of any journal, is measured
by the product of the total normal press-

ure on its rubbing surfaces into the mean
coefficient of friction, and into the space
traversed by the surface of the journal,

relatively to the surface of the bearing,

in the given time.

If p represent the mean intensity of

pressure, I the length of journal, 6 the
angle over which the pressure distributed,

r
1
the radius of the journal,/' the mean

coefficient of friction,* and n the number
of revolutions made in the given time,

the work of friction will evidently be

V=p.lr
J
6. f. %Tti\n

=2jtr\fpln6 . . . ^1)

When 6= 7r, as in a journal receiving

no pressure from its cap,

and when 6= 2 7t, as when the cap is

screwed down hard,

ti=4:tfr*fpln.

"When the load is fixed, the intensity of

pressure varies inversely as the area of

the fjournal, and p I r
1
6, becomes con-

stant. Hence in such cases, the resist-

ance of friction, fp I r
1
6, is constant, and

the work of friction and energy wasted
becomes proportional to the diameter of

the journal ; while both quantities are

independent of the length, except so far

as it affects the coefficient of friction.

Journals are therefore properly propor-

tioned by making their diameter such as

is dictated by considerations of strength

and safety against " springing," and de-

termining their length by reference to

the loss of work by friction and the lia-

bility to heating.

Tiie minimum limit, as to length, is set

by this last consideration. As has been
fully shown by the writer, the coefficient

of friction increases with increase of bear-

ing area and consequent decrease in in-

tensity of pressure ; the conclusion there-

fore follows that bearings should be as

short as is consistent with security against

heating. This conclusion is the more

* With good lubrication, it may be assumed that, in
heavy machinery and under pressures not far from
100 pounds per square inch (7 kgs. per sq. cm.), the
value of /may he reduced below one per cent., vary-
ing approximately inversely as the square root of the
intensity of pressure.
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important from the fact that a long jour-

nal is liable to spring, and thus to con-

centrate pressure at the end, and to

cause heating in that way. With every

diameter of shaft, therefore, there is a

limit beyond which no increase of length

of journal will prevent heating. With a

given shaft, heating under a given load,

no increase of diameter will reduce lia-

bility to heat—-if the shaft does not
spring—and increasing its length may
afford advantage only up to a limit.

The Heat Due to Friction, H, is pro-

portional to the work done on the journal,

and is measured in thermal units by the

quotient of that work U, by the mechani-
cal equivalent of heat J, i. e.,

H=U (2)

This heat is carried away by conduction
to adjacent masses, and by radiation. If
it is carried away as rapidly as it is pro-
duced, the journal remains cool j if not
thus carried off, the journal heats up un-
til the rate of dispersion is equal to that
of production, or until it becomes neces-
sary either to apply cooling agents or to
stop the machine.

The Temperature Attained by a jour-
nal when thus heating is limited by the
facilities for conduction and radiation of
heat from it. The maximum safe tem-
perature is that beyond which liability to
rapid and dangerous heating is incurred,
and is always below the temperature of
decomposition or vaporization of the
lubricant. A warm journal will often
work better than a cold one; a hot bear-
ing is always a source of danger. A jour-
nal so proportioned as to run warm with
good lubrication is to be watched with
the utmost care. As already seen, since
the tendency to heat increases directly as
the intensity of pressure, and as the
amount of work done, and inversely as
the area across which the heat can be
transmitted, the diameter of the journal,
if it be sufficiently strong and stiff, does
not affect this phenomenon.

Case 1.

—

The Perfectly Fitted Jour-
nal is the most interesting of the three
cases here to be considered. When a
journal is exactly fitted to its bearing,*
as is usually the fact, without pressure,

* The custom now common of grinding journals to
size, and sometimes of scraping the bearing, makes
this an increasingly frequent case.

the action of the load will cause a minute
change of form, which, although quite
imperceptible, will produce a variation of

intensity of pressure between the rubbing
surfaces, from a maximum on the portion
normal to the line of direction of the re-

sultant load, to zero on the surfaces par-
allel to that line, and according to a sim-
ple and easily determined law.

This Method of Distribution of Press-
tire, which was, as he believes, originally

investigated by the writer, is determined
in the following manner :

The maximum intensity of pressure
under which any journal of good form
and correct proportions may be worked,
is from 500 pounds to the square inch,

with iron journals, to about 1,000 pounds
with steel (35 to 70 kgs. per sq. cm.); the
elastic limit of the bearing metal is always
far above these figures, and that of the
metal of the journal usually very much
higher still. The compression of the
metal, under working pressure, will be
proportional to the intensity of the press-
ure at each point, and this principle will

determine the law of distribution of press-
ure. The intensity of the pressure will

be everywhere proportional to the elastic

displacement of the metal.

Let p represent the intensity of press-
ure on any element of the surface of the
journal having a length I, and a breadth
r

1
dd, and let N represent the normal

pressure on this elementary area I r
x
dd

;

then
N = p li\ dd . . . (3)

The sum of all the vertical components
of these elementary normal pressures,

p = N cos. d, where d is measured from
the vertical, is equal to the loadW on the
journal; i. e.

}

W —fp I r
x
cos. 6 dd. . (4)

But the normal pressure p varies from
a maximum, at the bottom of the bearing,

to a minimum at the sides, there becom-
ing zero when the bearing is a semi-cylin-

der. At intermediate points the normal
pressure is

p =j»j cos. 6,

in which quantity p x
is a constant, the

value of which is to be determined. The
value ofp being obtained, and introduced
into the formula,
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w =j», i >\f cos.
2 e ad. (5)

which is to be integrated between the

limits

= +T' y =

to obtainWin terms ofp when the journal

bears upon a semi-cylindrical surface, or

between the positive and negative values

of 6 for any other method of bearing.

From the relation thus obtained the value

of ^j is deduced. It will be seen that p1

is the measure of the maximum intensity

of pressure between the rubbing surfaces,

occuring when 6 = 0, i. e., at the bottom
line of the bearing.

To Determine the Maximum Pressure
p' on the journal, let AC B, Fig. 1, repre-

sent the trace of the bearing surface upon
the vertical plane, the journal being per-

fectly fitted and unloaded. When the

load comes upon it the journal will sink

a minute distance, O', C C, A A', B B',

and will rest in equilibrium between the
elastic resistance to compression, thus
brought into play in the metal, and the

weight sustained by the bearing, the sur-

faces of contact taking the new position
A' C B', of which every point now lies

directly under its original position, and
at a distance from it equal, at every point,

to O O'. The compression of the metal
in the direction of the normal pressure p,
will be at each point, as E, equal to E I.

The product of this vertical displacement,
E J, into cos. 6 ; and the intensity of the
pressure, the elastic limit of the metal

not being exceeded, will be proportional

to this compression, varying from at B'
to a maximum p' at C'. At any interme-
diate point, the compression is, for a small

total depression of the shaft O O' cos. 6,

and the intensity of the pressure, conse-

quently, p' cos. 6.

Since the load, W, is sustained by the

sum of the vertical component of these
normal pressures, each of which is of the

intensity,

w=p cos. 6=Pi cos.
2

6,

W=2w=p,lr, I cos.
2 6 dO,

1 V _/Q'

pjr^ 6' + i sin. 2 0)_ df

'., and

Px=w*\£0+±m**OY Qt
. . (6)

as before, and

W

When 0'= 7t

r

p = w 0.64W
1.57 Ir Ir,

and the pressure at any point, E, of the

journal, has the intensity,

Q 0.64 W cos. 6
p=zp

x
cos.6= —

. . (7)
Ir.

7t
When 6'=-,

o

V,

w
1.48 Ir

p=% —-nr-> nearly; (8 )

and the maximum pressure is nearly equal

to four-thirds the load on the journal di-

vided by its projected area on the hori-

zontal plane, and is very nearly the same
as in the previous case, although one-

third the beai'ing surface has been re-

moved. This is often done by engineers
in charge of heavy machinery, to prevent
risk of " gripping " or " binding," should
the bearing heat.

It is evident that the same method ap-

plies to the case of the spherical journal.

The Extent of Compression is deter-

mined by the magnitude of the modulus
of elasticity of the metal compressed,
thus, for a pressure of 1,000 pounds per
square inch (70 kgs. per square cm.) on a

bronze bearing, the maximum compres-
sion would be but 12 ^ 0Q the thickness of

the "brass."
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The Force ofFriction, at any element,

E, is, for the full journal,

0.64W cos. 6 ,„
fP= rr

- >• • • • (9)

and varies from zero at = 90° to a maxi-

mum, at 6—0, when

0.64W

The Total Pressure on the bearing is

+
P'=0.64W

= 0.64W

f
Z

(
28in.f)

cos. 6 eld

= 1.27W (10)

The Total Force of Friction is

/P'=1.27/"W (11)

The Moment of Friction is

M=/P'r
1
= 1.27/

?Wr
1

. . (12)

The Work of Friction is

U=Ma=1.27/Wa^
1

= 2.5 fnr^tTtW, . . . (13)

where a is the angular velocity of the

shaft, t the time taken, and n the revolu-

tions made in the unit of time.

The Power lost in Friction is

U-^550«=2.5//ir
1
^W-550, (14)

when the units are British and the time
is measured in seconds.

As will be seen later, the resistance,

the work done, and the power wasted, are

1.3 times as great as in a journal loosely

fitted, in which the rubbing surfaces are

in contact only along a narrow band par-

allel to the axis of the journal. The case

above considered assumes a fit originally

and no subsequent wear. In such case,

the journal must be of such size that the

maximum pressure, p x
, may be below that

at which the unguent is liable to be forced
out, or heating to occur.

Case 2.

—

Uniform Pressure on the
Rubbing Surfaces may be observed in

cases of journals so small as to wear
slowly under their loads, or, perhaps,
when heating, as is often the case, causes
the " brass " to grasp the journal by
springing the sides inward. Both are

familiar cases to every mechanical engi-

neer who has had much experience, espe-

cially if accustomed to the management of

steam machinery.

In well-designed machinery, a bearing

is usually composed of a softer metal

than the journal which it supports ; it

therefore takes the wear, and if the ex-

tent of rubbing surface is small the jour-

nal is merely " smoothed up," while the

bearing wears down. If the surface is

too small, the bearing may be abraded
and "cut," and both it and the journal

rapidly injured. If, however, the surface

under pressure does not cut, wear takes

place slowly, and without excessive waste

by friction. Every bearing surface, if not

abraded, will, whether fitted or not, wear
under heavy pressure, but with decreas-

ing rapidity, until all parts sustain a cer-

tain intensity of pressure, when the rate

of wear becomes a minimum, under a

pressure which is a minimum for that

bearing under the existing conditions as

to lubrication, in some cases, the whole
bearing surface may not be brought into

play, the uniform pressure, so established

by wear over a part of it, being sufficient

to carry the load without further wear.

These two cases are probably the most
usual in all cases of heavily loaded, or

carelessly fitted, journals, as the preced-

ing case represents the usual case of well-

fitted, lightly, or fairly loaded bearings,

in every case, there is a certain pressure-

limit, above which wearing will take place

and below which it becomes inappreciable

;

the bearing will therefore wear down un-

til the pressure due the load is so dis-

tributed that this pressure-limit is every-

where reached over a certain limited area,

and wear ceases, or until all parts of the

bearing are brought to a state of minimum
wear under a uniformly distributed press-

ure.

In the case here studied, the pressure

is of uniform intensity, p x
; that on any

elementary strip of bearing, of length I

and breadth r, eld, isp
1
Ir, eld ; its vertical

component is p, I r
x

cos. d eld, and the

total load is, for a semi-cylindrical journal,

W=p-J
o =+-

2

cos. 6 eld

=1pjr
x ; (15)

and the intensity of the uniform pressure

attained is
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l\ = 21 r
(16)

The Total Pressure on the journal sur-

face is

= \ 7t "W = 1.57 W ' . . . (17)

or 0.57 greater than the load.

The Total Force of Friction is

/P = 1.57/W .... (18)

The Moment of Friction is

M=/P'r
1
=-1.57/r

1
W . (19)

The Work of Friction is

U =Ma =1.57 a ft^W
= rr^fntr^ W,
= 10/ n < ?\ W, nearly. (20)

or 1.57 that on a flat surface, or on a

loosely fitting journal.

Were the angle of contact reduced,

making the angle 6'= 30°, the friction

becomes but 5 per cent, greater than that

of an equally loaded flat surface, or of a

loose journal. It is thus seen that, where
ample area of bearing surface can be se-

cured, it is best given the form of a strip

or band lying along the bottom of a long
"brass," rather than made to cover the

full semi-circumference of a shorter jour-

nal.

Case 3.—A Loosely Fitting Journal,
ABC, before wear has produced a sen-

sible widening of the line along which
contact originally takes place between
journal and bearing, when in operation,

carries its load at a line parallel to the
axis of the journal, and at one side of the

line of vertical resultant pressure (Fig. 2),

If at the lowest point, B, at the starting

it rolls up the side of the bearing until

Fig. 2.

at some point, D, the inclination becomes
equal to the angle of friction END,
EDF, when it ceases its upward move-
ment and continually rotates, sliding on
the line whose trace is D, as long as the

coefficient of friction remains constant, or

rising with increasing, and falling with
decreasing, friction, continually finding

new positions of equilibrium until motion
ceases, or the conditions again become
constant.

At any one instant, there are three

forces in equilibrium, the weight "W, on
the journal, the normal reaction, N, of the

bearing, and the resisting force of friction,

F =f N, which may be represented by the

sides of the triangle N B D. Then, since

N and F are at right angles

W 2=N2 + F 2

= (l-t-/
2)N2 .... (21)

The Normal Pressure is

Wy= ,_: (22)
vi+r

The Force of Friction is, since a=q),
the angle of friction,

/W Wtan.(p,
F=-

v 1 +f" Vl + tan.
2
cp

=/W nearly.

: Wsiii. <p(23)

The Moment of Friction is

M = F r
x

= W r\ sin. cp

fWr
1

(24)
V2+f2

The Work of Friction, or energy
wasted, is

TT to • fWatr^U = W a tr, sin. cp = -— '

vi+r
= 2 W rx ntr

t
sin, cp =^lf^L _ (25)

vi+r
This case is thus seen to be that pro-

ducing least waste of work and energy,
and hence, in that respect, most desirable

;

but it is evidently a purely ideal case
which can never be obtained in practice.

If approached too closely, rapid wear,
heating, and all the consequent cost and
damages are increased. Case 3d is that

of minimum friction, but of maximum
wear and heating, as Case 1st that of

minimum wear, and Case 2d that of maxi-
mum friction. In practice, the best ar-
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rangement is usually, so far as the writer

cau judge from his own experience, that

of freeing the sides of the bearing by
cutting them away so as to clear the
journal entirely to an angle of at least

30° from the horizontal, and even 60° for

very long, stiff journals, moderately load-

ed. This gives a modification of either

Case I. or Case II., and, on the whole,
minimum friction and wear.

In conclusion, it may be considered
proven that

:

(1.) A perfectly-fitted cylindrical or
spherical bearing of ample area of rub-
bing surface, will, in the absence of wear,

have the pressure distributed in such
manner as to make it zero at the sides,

and a maximum at the bottom of the
bearing, varying at intermediate points

as the cosine of the angle included be-

tween the given point and the bottom of

the journal.

(2.) The friction on such a cylindrical

journal, and the lost work, exceed by
above one-fourth that of the ideal case

of bearing on a line, or that of flat sur-

faces under the same load.

(3.) A bearing so proportioned as to

wear constantly, but without " cutting,"

will be subjected to uniform pressure
throughout the area of rubbing contact.

(4.) The friction on such a bearing is

nearly 60 per cent, in excess over that of

the ideal case, or on a flat surface simi-

larly loaded ; it should always be relieved

by freeing the sides from pressure in the
manner often practiced by engineers, as

above described..

(5.) Any journal, wearing smoothly
and symmetrically, and without shake,

will in time wear to a fit, such that the
pressure upon its surface will be of uni-

form intensity throughout the whole area
brought into bearing, and the rate of

wear reduced to a minimum, while the
waste by friction becomes a maximam.

(6.) Maximum efficiency of machinery
in which journal friction is the main
source of waste of work and energy, is

secured by giving the journals such di-

ameter that they will neither twist

nor spring under their loads, such
length that the load may be earned prin-

cipally on the lower portion of the bear-

ing, and such form that the " brass

"

shall not bind or grasp the journal, or in

any way subject the journal to serious

lateral pressures. All lateral pressure

due to grasping or binding action de-

creases efficiency.

The proper size of journal is, as is evi-

dent from what has preceded, deter-

mined only in part by the consideration

of the amount of power and energy lost

bv its friction. Since to increase or dim-
inish the diameter of a journal increases

the speed of rubbing in precisely the
same proportion in which it diminishes

the intensity of pressure produced by
any given load it is evident that the work
wasted and the heat produced on the

unit of area of bearing surface is ap-

proximately the same, whatever the di-

ameter of journal, within moderate limits

;

for, within such limits the coefficient of

friction may be considered as constant.

The diameter of journal is, therefore,

determined by the strength and stiffness

demanded, and not by the liability to

heat, and is calculated by the rules for

strength of materials.

The length of a journal is determined
by reference to the laws of friction. A
convenient method is to fix, by reference

to experiment, a quantity of work of

friction which may be safely allowed for

the proposed journal, reckoned per unit

of its area. Thus, the writer has found
for the crank pins of marine engines,

under intermittent pressure, 60,000f,
measured in foot-pounds, to be a good
allowance; Rankine found 44,800/' to be
a good figure for locomotive practice

;

50,000/" is an intermediate figure some-
times taken for general practice. For un-
intermitted pressure, still smaller values

must be taken.

Then the work of friction is nearly per
unit of area,

/P V
Id

:60,000/,

and

Td =p
60,000

(26)

(27)

Thus the intensity of pressure is lim-

ited by the velocity of rubbing, and the
given load, P, on the proposed journal
being divided by this pressure, p, the

lena-th must be at least

/

P
p d

. . . (28)

in which expression d is known already
by calculations of strength.
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ON WATER SUPPLY.
Papers read before the Conference of the Society of Arts on the Water Supply held at the International

Health Exhibition in July.

From the "Journal of the Society of Arts."

II.

Sources of Water-Sopply.

by james mansargh,

M. Inst. C. E.. and M. E., P. G. S., F. M. S.

It used to be a popular belief that if a

well were sunk at any place to a sufficient

depth into the ground, there would be

reached an inexhaustible reservoir of

water, a store that had been filled in some
mysterious manner at the creation of the

world, and would suffice for the use of

man for all time.

It is now°well known that all supplies

of water, whether found upon the surface

or below it, in underground depths, are

derived from the rain which falls upon
the earth, and that it depends upon the

geological character of the surface re-

ceiving the rain whether it shall run off

in the form of streams and rivers, or soak
in and be apparently lost.

Rain is produced from the evaporation

of invisible aqueous vapor, principally

from the ocean, by means of solar heat,

its condensation, primarily into the shape
of clouds, and subsequently into the

form of drops, which fall to the ground.
The sea is thus a storage reservoir of

boundless capacity, and the sun is the

great prime mover which pumps the

water up from this reservoir, distributes

it over the land, and lifts it to the hills,

where it may be impounded in natural or

artificial lakes, and thence delivered by
gravitation to the claims below.

After being discharged on the earth in

the shape of rain or snow, a part of the

water is re-evaporated, but the greater
part begins at once to travel downwards,
either over the surface, in the form of

rills and streams, and so on to the ocean,

whence it came, or through the surface,

if this is permeable, into fissured or por-
ous rocks below.

A portion of this latter water passing
into the ground at high levels, has sev-

eral courses open to it. It may appear
in the shape of springs at lower levels,

or rise in the beds of rivers, or run out

through fissures on to the sea beach, or

sink below sea level, whence it will be re-

coverable only by artificial means.
Nature has in this way provided water

from one great source in ample quantity

for the use of man, but works of varying*

character, under differing local circum-

stances, must be constructed to store

and utilize it.

Altitude and the geological structure

of a district are the two principal factors

which determine what the source of

water supply must be in such a district.

The two great classes into which sources

may be divided are (a) above-ground
and (b) under-ground sources.

The former (a) has several subdivi-

sions, which may be described as fol-

lows :

1. Water may be taken from the heads
of streams by laying pipes right up to

the springs, to convey it away for supply
without any intermediate storage, as. in

the case of Lancaster. This is a source

j

which in some sense belongs to the two
! classes, for the water is taken just as it

;

ceases to be underground water, and is

i being delivered on to the surface above
ground.

2. It may be obtained from a natural

lake like Loch Katrine, as in the case of

Glasgow.
3. It may be collected from a high-

lying watershed area, by impounding a
number of small streams in artificially

constructed reservoirs, as is done for the
supply of Manchester.

4. It may be taken from a large river

flowing past the town, and is done in the

case of the Thames and Lea for the sup-

ply of London.
The second class (b) is not divisible in

the same way as (a), but may be taken as

embracing supplies of water obtained
from many varieties of geological strati-

fication, such as chalk, oolites, coal meas-
ures, millstone grit, magnesian limestone,

Bagshot sands, and many others.

All water, when discharged upon the



WATER SUPPLY. 449

earth as snow or rain, is practically pure,

but its character is very soon changed by
the material it comes in contact with on
the surface, or in passing through under-
ground fissures and channels. Take, for

example, the rain which falls upon the

chalk downs of Sussex, or any other

similar geological area. It sinks at once
beneath the smooth and rounded surface,

and percolates through innumerable mi-

nute cracks or larger fissures, dissolving

away the chalk which it touches, and
finally issues naturally in springs along
the coast, or is pumped out artificially, a

water which contains from fifteen to

twenty-five grains per gallon of carbon-
ate of lime.

Such an alteration in character de-

pends, of course, upon the nature of

the rocks which the water traverses,

some rocks being easily soluble, others
not.

The taking up of lime or magnesia in

this way has the effect of rendering the
water "hard," that is, increasing its soap-
destroying properties. For many manu-
facturing processes this is a most unde-
sirable quality, and we therefore find that

many of the important industries of the
country are located in districts where
soft water is easily procurable.
The following are the formations

which yield, as a rule, soft water : Igne-
ous, metamorphic, Cambrian, silurian

(non-calcareous), Devonian (non-calcar-

eous), millstone grit, coal measures (non-

calcareous), lower greensand, London
and Oxford clay, Bagshot sands, non-cal-
careous gravels.

On the other hand the following geo-
logical formations almost invariably yield

hard water : Silurian (calcareous), Devo-
nian (calcareous), mountain limestone,
coal measures (calcareous), new red sand-
stone, conglomerate sandstone, lias, ool-

ites, upper greensand, chalk.

The manufacturing towns of Yorkshire
and Lancashire obtain their supplies
from sources which, even if the water
had passed underground, would leave it

comparatively soft, but this quality is

fully secured by the character of the
works, which consist of large reservoirs

impounding the water which has princi-

pally run merely over the surface. For
dietetic purposes, the quality of hardness,
if not excessive, that is if it does not ex-

ceed twelve grains on Dr. Clark's scale

(equivalent to twelve grains of bi-carbon-

ate of lime per gallon) is not considered
objectionable on physiological grounds.
For ordinary domestic purposes and
especially for personal washing and clean-

ing generally, soft water is infinitely

preferable to hard, both in respect of

comfort, efficiency, and economy.
Taking into account all the purposes

for which water is used, it can hardly be
questioned that a pure soft-water supply
is, on the whole, preferable to a pure
hard-water supply. The term " pure " is

here used to imply the absence from the

water of organic impurities as distin-

guished from the dissolved inorganic mat-
ters which have before been referred to.

Except at producing hardness, the inor-

ganic matters usually found in water are

practically harmless ; but organic pollu-

tions may be of the most disgusting and
dangerous character, those, for instance,

which are the result of contamination

with town sewage or of cesspool manure.
It is to avoid the risk of such pollu-

tion that many towns have in great meas-
ure been led to seek their sources of sup-

ply on elevated moorlands, above the

level at which arable cultivation is carried

on, and where it follows that there are no
towns or villages, and the scattered pop-
ulation is very sparse. In this country
the plough is rarely seen above the 800-

feet contour, and, as it will not pay to

cart manure to such an elevation, these

high lands are merely used for the pas-

turage of sheep and the rearing of

grouse.

Water obtained from such sources is

practically, therefore, in the condition in

which it falls from the clouds as snow or
rain. The only impurity it may contaiu

is a little organic matter derived from
passing over the peaty soil, which often

occurs on high moorlands, especially

where the summits are broad and com-
paratively flat. This contact with peat

and with growing heather gives a stain

to the water to such an extent that, when
seen in deep reservoirs, it is like dark
coffee.

As seen in an ordinary white glass

bottle or tumbler, the tinge is rarely

deeper than a very faint straw color.

There is nothing harmful in this coloring'

matter, because it is of purely vegetable

origin, and to some extent it may be re-

moved by storage in open reservoirs,
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or running in open channels exposed to

the air.

Many towns are so located in this

country that it is practically impossible

that they should obtain pure water sup-

plies from elevated watersheds, on ac-

count of the enormous expense that

would be entailed in the construction of

the necessary works. Such places must
be content to be supplied from rivers in

their immediate neighborhoods, and
which, having run their courses through
mauy miles of highly manured lands and
past thickly populated towns and vil-

lages, contain water which has necessa-

rily become polluted by the washings
from the lands and the sewage from the

towns. Such sources as these would be
inadmissible, but for the great rehabili-

tating process which nature silently car-

ries on in a river, and to which chemists
apply the term "oxidation." In this

wonderful process the polluting organic
matters which the water contains are con-
verted by the agency of oxygen into
harmless inorganic salts, and the water
again becomes fit for the use of man.

This statement must, however, not be
made without some reservation and ex-

planation, because chemists of the very
highest standing are not agreed as to the
extent to which rehabilitation of the
water is carried. This has, in fact, be-
come quite a burning question, and the
battle has been fought long and frequent-
ly over the water which is taken from the
Thames, and delivered for consumption
by the inhabitants of London.
The difference of opinion is now nar-

rowed down into a small compass, and to
outsiders it would appear that there is a
chance, sooner or later, an agreement
may be come to between the authorities.

As representatives of the two sides
may be named Dr. Frankland and Dr.
Meymott Tidy. Dr. Frankland admits
that oxidation is effective in burning up,
or converting into a harmless condition,
even such foul contaminations as human
sewage, if this is in a normal or healthy
condition

; but he contends that the viru-
lent zymotic diseases are propagated by
organized germs contained in the sewage
which are indestructible, and which may
travel scores of miles in a running
stream without being deprived of their
fatal potency.

Dr. Tidy contends, on the other hand,

that there is no evidence of the existence
of these animated germs, and affirms that
a run of a few miles in a river fully oxy-
genated, and in which the pure water
bears a sufficiently high ratio to the pol-

luting matter, will suffice to render such
water again fit for human consumption.

Dr. Frankland's theory is naturally a

disquieting one, and his opponents cer-

tainly have facts in then favor, for Lon-
don is undoubtedly one of the healthiest

cities in the world, and its inhabitants
have never been known to suffer from
disease induced in the way suggested.
The " germ " theory is, however, mak-

ing steady advances under the investiga-

tions and researches of competent men,
and it is to be hoped and expected that

if the historic germ is at last discovered,

and exhibited to the incredulous gaze of

Dr. Meymott Tidy, he, or some of his con-

freres, may speedily discover a method
of scotching it before it has time to do
any mischief.

It may now be convenient to describe

shortly a few typical examples of the util-

ization of the different sources of supply
which have been thus generally referred

to.

1. Take first, such a case as that of

Lancaster, whose works supply a popu-
lation of between 30,000 and 40,000.

The town is situated on the River Lune,
about seven miles above its junction with

Morecambe Bay, and is built upon a site

which, rising from the river, varies in

\
elevation from 15 to 200 feet above Ord-
nance datum, or mean tide level. The

j
water is obtained from the high moor-
lands of Wyresdale, at a distance of eight

I or ten miles from the town, in a south-

easterly direction. These fells, as they

are locally called, constitute the extreme
north-easterly portion of the watershed
of the River Wyre, a small river which
also falls into Morecambe Bay near the

town of Fleetwood. That portion of the

fells which is secured by Act of Parlia-

ment as a source of water supply for

Lancaster, has an area of 2,700 acres,

and an altitude varying from 850 to 1 ,800

feet above the sea.

The geological formation of the gath-

ering ground is millstone grit, covered

with scant herbage suitable for sheep

pasturage, and heather. Interstratified

with the beds of permeable grit stone

there are layers of impervious shale
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which, at various levels, throw out the

water percolating downwards from the

surface, in the shape of springs, and a

number of these springs have been in-

tercepted by small pipes communicating
with mains laid along the hill side,

and leading their combined waters to

the south-west corner of the reserved

area.

One of these mains forms part of the

original works constructed under the

superintendence of Sir Robert Rawlin-
son, C. E., C. B., in the year 1852 ; the

other, which runs (broadly speaking)
parallel to the first, but about 200 feet

lower down the hill side, was laid six

years ago, as part of an extension carried

out by the writer.

The water derived from these is of

necessity of the purest possible charac-

ter, for the rain which feeds the springs
falls upon the clean open moorland, and
sinks at once into the millstone grit

rock, in which it finds nothing to dis-

solve and cause hardness, and nothing to

organically pollute.

The water issues from the springs in a
bright sparkling condition, at a constant
temperature of about 45° F. ; it contains
only one grain in 15,500 of solid mat-
ter, and its hardness is under 1° on
'Clark's scale.

This may be fairly regarded as an ideally

perfect source of supply, and it has been
an inestimable boon to the inhabitants,
especially as it replaced water obtained
from shallow wells in the town, polluted
in the vilest possible manner by percola-
tion from numberless foul and reeking
privy pits and middens.
Between the fells and the service res-

ervoir, which is situated on the town
moor 240 feet above Ordnance datum,
the country is intersected by several
valleys, across which the water is con-
veyed in iron pipes.

At two intermediate points the press-
ure is broken by a small covered tank, and
the water is never exposed to the open
air from the time it sinks into the ground
as rain or snow, and is drawn from the
consumer's taps in the town.
Perhaps it may be as well to explain here

that, when water is obtained from ele-

vated watershed areas of this character,
Parliament almost invariably insists upon
" compensation " being made to the river

for such abstraction. This compensation

is secured by the construction of reser-

voirs somewhere upon the main river or

its tributaries, in which water is stored

in time of flood, and given out in a con-

stant stream in times of dry weather,

the assumption being that floods are ut-

terly useless, if not damaging, to riparian

owners and mill owners, whilst it is of

advantage to every interest to have the

dry weather flow increased in volume.
Thus, in the Lancaster case, whilst the

Corporation have the right to take 2,000,-

000 gallons a day from the springs for

the use of the town, they were put under
the obligation to construct upon the

River Wyre a reservoir capable of hold-

ing 185,000,000 of gallons, from which
the millowners have the right to draw
water according to their needs during
the summer months. By means of such
works, all the parties concerned are very

greatly benefited.

II. The second type of utilization of

sources which may be referred to, is that

which is exemplified on so magnificent a

scale in the works supplying Glasgow,
and constructed from the designs and
under the superintendence of Mr. John
Fredrick Bateman, C. E.

In this case, advantage is taken of

three natural lakes, viz., Loch Katrine,

Loch Venachar and Loch Drunkie. The
watershed area draining into these lakes

is 45,800 acres in extent, and consists of

unpolluted sparsely populated moor-
lands, the geological formation being of

the silurian age.

Loch Katrine has a water surface of

3,000 acres, Loch Venachar 900 acres,

and Loch Drunkie 150 acres. They are

all of course supplied by the rain which
falls upon the 45,800 acres, and as a
considerable proportion of this area is

of a peaty character, the streams which
run down the mountain sides are fre-

quently as dark as London Porter. By
the deposit of the heavier parts of the

peaty matter, and the bleaching action of

the air, the water is drawn from Loch
Katrine with only a faint tinge of

color.

The two smaller lakes are utilized as

compensation reservoirs, the artificial

storage necessary being obtained by
raising the original normal level of Loch
Venachar 5 feet 8 inches with power to

draw it down 6 feet, and by raising Loch
Drunkie 20 feet, the raising in both cases
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being done by masonry dams across the
outlet valleys, furnished with draw-off
sluices.

The storage for the supply of Glasgow
is obtained by works which raised the

normal level of Loch Katrine 4 feet and
admit of drawing down 3 feet. Its

capacity is, therefore, 3,000 acres of area,

by 7 feet in depth, equivalent to nearly

1,000 million cubic feet, and competent to

furnish 50 million gallons a day during
a four months' drought.
The water surface in Loch Katrine is

360 feet above mean tide level at Glas-

gow. The conduit conveying the water
to the city commences on the south side

of the lake, about three miles from its

western extremity, and runs generally in

a southerly or south-westerly direction.

At 26 miles from the Loch it discharges
into an artificial reservoir of 70 acres in

extent, and holding 500 million gallons
near Mugdock Castle, the top water of

this reservoir being 311 feet above mean
tide at Glasgow. Two lines of fhree feet

cast-iron pipes, one seven miles long and
the other eight miles, convey the water
to the city.

For thirteen miles out of the 26, be-
tween Loch Katrine and Mugdock, the
conduit is formed by tunneling through
very hard rock, such as whinstone, gneiss,

and mica slate ; the tunnels being seventy
in number, nine miles of the remaining
length is " cut and cover" work, and the
rest consists of cast-iron or wrought-iron
pipes across valleys.

The advantage of such a source of sup-
ply as Glasgow's is the facility and small
cost with which the storage capacity nec-

essary to furnish the requisite daily quan-
tity for consumption and compensation
is obtained.

In Loch Katrine, the narrow outlet
from the lake had only to be dammed up
four feet, requiring artifical works of the
simplest chai*acter, entailing no risk or
contingency in their execution. Having
a flat area 3,000 acres in extent to begin
with, a simple plank one foot high would
have sufficed to impound 816,000,000
gallons. The desirability of securing
such a reservoir site as this can only be
fully appreciated by those who have had
the responsibility and anxiety of forming
large storage reservoirs, by the construc-
tion of high embankments across valleys.

The relative amounts of labor and outlay

in such reservoirs, and in cases like Loch
Katrine, will be better realized in consid-
ering the next type.

III. The third type of works for the
utilization of mountain watershed sources
of supply is well exemplified in the
Longdendale valley, where a number of

reservoirs have, during the last thirty

years, been constructed for the supply
of Manchester. Here, instead of having
a level plain 3,000 acres in extent as in

Loch Katrine, upon which to commence
as the bottom of a reservoir, was a valley

with a fall along the bed of its main
stream—the Etherow—of between 60'

ft. and 70 ft. in a mile. Across this

valley five embankments have been con-

structed of earthwork, one above an-

other, forming five lakes with a com-
bined water surface area of 462 acres.

Beginning from the lowest part of the
valley, the following is a list of the reser-

voirs, viz:

Height Water
of Bank.

Feet.

Bottoms 66
Vale House .... 55
Rhodes Wood. . 75
Torside 100
Woodhead 80

Total 376

area.

Acres.

. 50

. 63
. 54
. 160
. 135

Capacity.
Gallons.

407,000,000
343,000.000
500,000,000

1,474,000,000
1,181,000,000

463 3,905,000,000

These embankments, which cost some-
thing like £100,000 apiece, have an ag-

gregate height if placed one above an-

other of 376 feet, and the quantity of

water they impound is 3,905 million gal-

lons. The raising of the water surface

of Loch Katrine 5 feet would create the

same amount of storage. The water-

shed area supplying these reservoirs is

9,300 acres, and the geological formation

is millstone grit. The gathering ground
is a portion of the western slope of the

"backbone" of England, otherwise the

Pennine range, upon which, over its

whole length on both sides, many simi-

lar works are located for the supply of

the manufacturing towns of Lancashire

and Yorkshire. The rocks in this dis-

trict are very much fissured and broken,

and the rain falling upon the higher

grounds percolates below the surface

and re-appears as springs at lower levels.

Advantage is taken of this by conducting
the spring water along special channels

into the Khodes Wood reservoir, from.
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which the supply is taken by a conduit to

the town.
Although the quantity of water yielded

by the whole ground is that due solely

to its area and the rainfall upon it, the

fact of there being these springs renders

it more valuable, because it implies that

water which would have run off a district

composed of harder and less pervious

rocks, is bere absorbed into the mass
which thus acts as so much storage or

reservoir space. The effect of this is to

increase the dry weather flow of the

streams, and to furnish water which is

clear, cool and colorless. The average

annual rainfall upon the 19,300 acres is

about 50 inches, and the works utilizing

this area are competent to provide 38,-

000,000 of gallons per day, of which 13,-

500,000 have to be delivered into the

stream below the reservoirs as compensa-
tion water. Besides the five reservoirs

above named, there are other large im-

pounding and service reservoirs at God-
ley, Denton, Gorton and Prestwich. In

the construction of these works enor-

mous difficulties have been encountered,

and at Woodhead, the highest reservoir

of the series, the embankment, as at

first made, was not watertight, so that a

second trench had to be put down in

which to build the puddled wall, and
so much were the measures disturbed
and distorted, that on the south side

of the valley this trench had to be ex-

cavated to 167 feet below the surface

of the ground, before sound and tight

material was reached upon which the

wall could be based.

The three types of works thus described

may fairly be said to exhaust the methods
of obtaining water from sources situated

on elevated mountain gathering grounds.
They are good examples of the gravita-

tion system of supply, by which water is

delivered at high pressure above the

highest parts of the towns without any
artificial pumping being required, the

sun having done this work in the process

of evaporation.

TV. We will now consider a case where
the town to be supplied is at such a

distance from high ground that the cost

of bringing it through conduits or pipes

by gravitation is prohibitive.

Take a town built along the banks of a
river anywhere above the range of the

tide. If this river flows through an agri-

cultural district, and is thus not pol-

luted by manufacturing refuse, and not
seriously by either manure or sewage, it

may be adopted as the source of supply.

In this case the water will have to be
lifted by artificial means to such an ele-

vation as is necessary to command the

whole town.
The water will also require filtration,

because in running its course through the

country the river receives the washing
from the land, and in times of heavy
rain, at all events, the water will be dis-

colored and turbid through the presence

of suspended matters.

The works for the supply of London
are, in great part, of this character, the

rivers Thames and Lea being the two
sources.

Three hundred years ago water was
obtained from the Thames at London
bridge, and pumped by means of a water-
wheel under one of the arches through
wooden pipes into the streets and houses
in the neighborhood. These works were
continued in operation for 200 years, and
were supplemented early in the 17th cen-

tury by other pumping stations, taking
water from the Thames at Charing Cross,

Battersea, Vauxhall, and Hammersmith,
all within the range of tidal influence.

In 1848 the Lambeth Water Company
obtained powers to go into the non-tidal

portion of the river above Teddington
Lock, and by the year 1851 they were in

a position to deliver water by means of

a large steam-pumping establishment
erected at Seething Wells.

In 1852 an Act was passed which made
it unlawful for any company to. supply
water taken from the river below Ted-
dington Lock, or from any of the tribu-

taries within the tidal range. This led,

finally, to all the companies drawing
water from the Thames, so re-arranging

their works as to have their intakes above
Moulsey Lock, in order to be above the
junction of the River Mole, which fre-

quently brings down very dirty water.

Owing to the changes in the points of

intake, the works of the London com-
panies are divided into portions at great
distances apart. Thus the Southwark
and Vauxhall Company have at Batter-

sea the reservoirs, filter beds, and pump-
ing machinery constructed for the purpose
of taking in water from the river at that

point. They are well known to all Lon-
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doners by reason of the tall stand-pipes

which form a prominent object in the

view from the trains running out of Vic-

toria station.

These works are of so costly and ex-

tensive a character, that they could not be
abandoned when the source of supply
was changed to Hampton, 21 miles higher

up the river, but the water abstracted

there is pumped down to them through
large cast-iron mains, to be filtered and
distributed by the original machinery and
mains.

In the case of the Lambeth Company,
the water is taken from the Thames at

Molesey, and sent down to Surbiton,

which is the site of the filtering and
pumping station, through a large brick

conduit by gravitation.

From these circumstances none of the

London works are good examples of the

type now under consideration ; but the

following description will explain the na-

ture of the works required for the utiliza-

tion of such a source as the Thames
above London.

First of all, then, provisions must be
made to meet the difficulty of the water
arriving at the intake in times of flood in

a state of great turbidity or muddiness.
This is met by the provision of large res-

ervoirs, which are always kept full so

long as the water is coming down in

good condition, and the inlets into the

river are closed, and they themselves are

drawn upon when the water of the river

is turbid.

These reservoirs used to be of smaller

capacity than at present, and were worked
as subsidence tanks, that is to say, the

water (which might be somewhat turbid)

was let in at one end and drawn off only
from the surface at the other, the sus-

pended matters causing the turbidity

subsiding to the bottom during the
water's slow passage through the tanks.

In London, since the works of the

several companies have come under the
official supervision of Sir Francis Bol-

ton, very large sums of money have been
spent in increasing the efficiency of these

subsiding tanks by greatly augmenting
their capacity, and practically changing
their character into that of storage res-

ervoirs.

In some of the works, these reser-

voirs are constructed at such a level

that the water from the river flows into

them by gravitation ; in others they are
elevated above the ground, and the
water is pumped into them. In either

case it is next delivered on to the filter-

beds, the construction of which is shown
very clearly in the most interesting pavil-

ion erected in the Health Exhibition by
the water companies. These filters con-
sist of reservoirs or tanks made either by
excavation in the ground or partial exca-

vation, and partial embanking, as circum-
stances may dictate, having their sides

sloped and pitched, or of vertical brick,

stone, or concrete walls. The bottom is

formed in many different ways, but it is

always furnished with a number of open-
jointed or perforated pipes or drains into

which the water can pass, and by which
it may be conveyed away to a pure wa-
ter chamber or pump-well. Upon this

floor the filtering material is placed, and
consists of clean stones, flints, gravel,

shells, and sand, arranged with the larg-

est sized material at the bottom and the

finest at the top.

Probably the oldest style of filter shown
in the Exhibition is that designed by the

late James Simpson, C.E., for the Chelsea
Company, and it contains all the materi-

als above-mentioned, and has a total

depth of 6 ft. 3 in.

As, however, the really operative and
effective portion of the filter is the sand,

modern practice is tending in the direc-

tion of diminishing the depth of filtering

material, and of omitting entirely several

of the strata originally used. For in-

stance, the New River Company's engi-

neer exhibits a filter composed solely of

2 ft. of sand resting upon 6 in. of gravel,

the total depth being only 2 ft. 6 in. In

working the filters, the water is brought
from the storage or subsiding reservoir

on to the top of the sand, and stands from
2 to 3 ft. above its surface. It then per-

colates downwards through the filtering

material into the drains below, and is run
away to be pumped for distribution.

The speed of nitration may be adjusted

by the head under which the filter is

worked, that is, the difference in level

betwixt top water and the draw-off. In
some cases this is only 2 or 3 inches.

The speed at which the water should pass

vertically downwards through the sand
used to be stated as 6 in. per hour, which
gave 675 gallons per square yard per day
of 24 hours, but the London companies
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are now not filtering more than 450 to

500 gallons, or from 4 to 4^ in. per hour.

The matter which is arrested by the

filters consists principally of finely divid-

ed mineral matter washed from the sur-

face of the land, of some vegetable and a

trace of animal matter. These impurities

are caught almost entirely in the top
half-inch of the sand, which in course of

time they choke and render impervious.

The filter is then put out of use ; the

water is drawn off, and a skimming of the

fouled sand is carefully removed and
washed in apparatus which separates the

light muddy matter and leaves the clean

sand which is again put upon the filter. Of
course, the washing process involves some
loss of sand, and periodically additions

have to be made of new material. After

filtration, the water is in a fit condition

to be pumped and distributed to the con-

sumers.

Thus far we have been dealing with
" above ground " sources of supply, ob-

tained either by gravitation or by artifi-

cial pumping, under the four heads num-
bered— (1) being springs at high eleva-

tion, without storage
; (2) being surface

water from moorlands drawn from natu-

ral lakes
; (3) being surface water from

similar watersheds, impounded in artifi-

cial reservoirs
; (4) being river waters

filtered, and artificially pumped for sup-

p!y-

There are in this country a few ex-

amples of hybrid schemes, that is, where
water from comparatively low agricultu-

ral land is impounded in large reservoirs,

and where it has to be subsequently fil-

tered and pumped for distribution in the
district. There may also be cases where
water collected at a sufficient elevation to

supply a town by gravitation has to be
filtered before delivery.

We now come to the underground
sources of supply, and one or two ex-

amples will suffice to explain how these

are made available. We need not go far

from home to learn all about one of the
most important of these underground
sources, for it lies under our feet in the
chalk forming one great feature of the

London basin.

London is actually built upon the ter-

tiary deposits, which consist of Bagshot
sands, London clay, and the sands and
mottled clays of the lower strata; but
underlying all these is a mass of chalk

having the southern edge of its outcrop
on the north of London about Hatfield,

and the northern edge near Royston. and
its southern outcrop extending from
Croydon to Merstham. On the west the
chalk reaches as far as Devizes, and on
the north-east to near the coast of Nor-
folk and Suffolk. Portions of this vast

area are no doubt covered by imperme-
able drifts of varying character, but there
is still a very large tract of country upon
which the rain which falls sinks below
the surface, and goes to charge the great
underground chalk reservoir below.

Possibly, the term " reservoir," though
a common one, is a little misleading as

applied to the chalk, because for water
supply purposes, a large proportion of

that which percolates into its mass is not
recoverable by ordinary means. It is the
water which circulates through the cracks

and fissures which is really available, and
not that which is held in the minute ca-

pillaries of the mass. Some chalk will

contain 20 per cent, of its own bulk of

water, and yet will not yield a drop of

this under ordinary conditions.

Of the water which thus sinks into the
chalk, a large portion finds its way out
again into the bed of the river, another
portion appears in the shape of large

springs, such as those at Carshalton and
Croydon, which go to form the River
Wandle, by flowing over the edge of the

impervious tertiaries.

Very rarely are there any streams
where the chalk itself comes to the sur-

face, but after heavy and continuous rains,

streams do appear and flow for a time,

and these are known as "bournes." As
the chalk is 500 or 600 feet thick, a veiy
large quantity of water is, however, left

in it below the level of any of these natu-

ral outlets, and this water can be obtained

in London by sinking wells through the
overlying impervious beds of London
clay, and allowing the water to rise, as in

an artesian well.

There are a large number of wells in

the London basin, and one of the metro-
politan water companies, the Kent, ob-

tains its supply exclusively from such
wells. The ordinary practice is to sink a

well from five feet in diameter upwards,
and line the same either with brickwork
or cast-iron cylinders down to the chalk.

This will pass through superficial gravels,

blue clay, bands of sand., mottled clay>
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&c, and sometimes on the top of the

chalk a band of flints will be found. Be-

low the bottom of the well a boring is

then made from 4 inches up to 15 or 18

inches in diameter, and lined with iron

whilst in soft or much broken chalk, and
left unlined where the material is more
compact.

In those parts of London which are

not elevated many feet above the level of

the river, the water rises to very near the

surface of the ground, and in some cases

overflows ; but wherever large quantities

are required, resort must be had to artifi-

cial pumping so as to lower the level of

the water in the well, and thus open out

a larger cone of exhaustion in the chalk.

Favorably situated chalk-wells yield as

much as 2,000,0U0 to 3,000,000 gals, a day.

In many cases wells and mere borings

have been put down right through the

chalk to the upper greensand or gault be-

low, and have yielded only a very small

quantity of water. This arises from the

fact before referred to, that the water
circulates freely only in the cracks and
fissures, and if some of these are not cut

into by the boring, little water is obtained.

The most certain way, therefore, of in-

suring a supply from the chalk, is by sink-

ing a well down to below the permanent
level of saturation, and then driving

headings or adits in various directions,

for the purpose of reaching some of these

fissures. Many of the towns along the

south coast of England are supplied by
works of this character. It has been
found that where the chalk of the South
Downs has been undisturbed and is un-
faulted, there are large vertical fissures

which run, broadly speaking, from north
to south, that is, at right angles to the
coast. Along these fissures the water
travels freely, and has its outlet at the
base of the cliffs on the coast, and may
be seen running down the beach in many
places into the sea.

Parallel to the coast, the water is found
to lie with its surface nearly horizontal,

because of these permanent outlets, but
on lines at right angles to the coast, the
surface of the water rises rapidly inland,

on a nearly uniform slope, so much so
that, at six miles from the coast, it stands
more than 200 feet above mean tide level.

Advantage has been taken of these condi-
tions at Brighton, and other places simi-

larly situated, to sink wells and drive

headings parallel to the coast, at about
the level of low water.

At Brighton there are two such stations,

one at Lewes-road, on the east, and an-

other at Godstone Bottom on the west.

These wells are both about a mile and a

quarter from the sea, and headings are

driven to a total length east and west,

from Lewes-road, of 2,400 feet ; and at

Godstone Bottom, of 1,300 feet. In the

first case, fissures are met with about
every 30 feet, but as a rule these are small,

and do not yield more than 100 to 150
gallons a minute. In the latter they are

further apart, but some of them yield 700
or 800 gallons a minute, or over a mil-

lion gallons a day. This water, being in-

tercepted by the headings, is led to the

respective wells, where, by means of suit-

able steam machinery, it is pumped up to

the several service reservoirs supplying
the different zones of the town.
The water so obtained requires no fil-

tration. It is bright and sparkling, but
of necessity hard, and although not ob-

jectionable for dietetic use, it is not well

fitted for cooking or cleansing purposes,

and would be utterly unsuitable for the

manufacturing processes of Lancashire
and Yorkshire, though thoroughly well

adapted for paper-making.
In addition to the chalk, good supplies

of underground water are obtained in the

South of England from the Hastings
sands and the oolites, and in the north
from the new red sandstone, magnesian
limestone, and other formations ; but in

all cases the works required for the utili-

zation of these sources are very similar,

consisting of wells, borings, and adits,

with competent pumping machinery.
Comparing very generally " above-

ground" supplies by gravitation with "un-
der-ground " supplies involving pumping,
there are advantages and disadvantages
on both sides which may shortly be sum-
marized as follows

:

" Above-geound " Gravitation Sources.

Advantages.
1. No pumping.

2. No filtration.

3. Softness.

4. Low charges
maintenance.

for

Disadvantages.
1. Distance from place

to be supplied.

2. Peaty stain.

3. Costly and some-
what risky im-
pounding reser-

voirs.

4. Large works in-

volved to provide
water " compen-
sation."
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" Under-ground " Pumping Sources.

Advantages. Disadvantages.
1. Proximity of source 1. Annual charges for

to place to be sup- pumping,
plied.

2. Low first cost. 2. Hardness ( gener-

3. Few structural con- ally.)

tingencies attend-
ing works.

4. No filtration.

5. No Compensation
for abstraction of

water.

Water Supply foe Fire Extinction.

by j. h. greathead, m. inst. c. e.

When it is considered how vast is the

havoc wrought by fire every year, and
that we depend upon a supply of water,

in all cases, to prevent much greater rav-

ages, the importance of this subject will

be at once recognized.

In London alone, it has been calcu-

lated on reliable data that the destruc-

tion of property in 1882 amounted to at

least 2 j millions sterling, and last year it

was probably more ; and it has been
stated, by a very good authority, Mr. Ed-
ward Atkinson, of the Boston Manufac-
turers' Mutual Insurance Company, that

the losses by fire in the United States

and Canada, in the five years ending Jan-
uary 1st, 1879, amounted to 82^- millions

sterling, while the cost of insurance com-
panies and fire departments in the same
period amounted to 55,000,000 more, or

together to an average of 27,000,000
sterling per annum.

It is difficult for the mind to grasp
such figures ; the last, however, is about
equal to the whole rateable annual value
of the metropolis.

If such losses as these were inevitable,

it would be of little profit to refer to

them, but it is because I believe them to

be to a large extent preventable that I

have ventured to bring the subject of

water supply for fire extinction before

you.
In the remarks which I am about to

make I purpose to refer largely to the
ease of this metropolis, as being likely to

add additional interest to the general
subject, and because the reasoning which
applies to this will apply in a greater or
less degree to all other similar cases.

It may be useful at once to define

what are the requirements necessary to
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be fulfilled in a water supply for fire ex-

tinction purposes.

In order to reduce, as far as possible,

the destruction of life and property by
fire, the fire extinguishing service should

have at hand

—

(1) A copious supply of water.

(2) In close proximity to the property.

(3) Easily accessible.

(4) Having sufficient and reliable press-

ure.

In nearly all cities the water supply

has been introduced and distributed

without reference to the fulfillment of

these conditions. The quantity of water

required for the extinction of fires is so

infinitesimal as compared with the quan-

tity required for all other purposes,

that, except where the conditions have
been naturally favorable, the water ser-

vice has been introduced, devoid of some,

at least, of the qualities necessary to fit

it for fire purposes. The result, in such
cases, has been that mechanical contri-

vances have had to be provided in order to

make good whatever deficiencies existed

in the supplies, and dwellers in cities

have become familiar with fire-plugs and
fire-engines.

There are, however, some cities in this

country where, the conditions having
been favorable, the authorities having
control of the water supplies have wisely

availed themselves of Nature's gifts.

The most notable instances are those of

Glasgow, Dublin, Liverpool, and Manches-
ter. In all these cases the water supply is

almost entirely by gravitation, and the

result is that over the greater and most
important parts of the cities there is a

good pressure, and a copious supply of

water which has been made easily access-

ible by the introduction of numerous hy-

drants in close proximity to the property

in each place. Here, then, we have, as

nearly as may be, in four of the most im-

portant cities of the United Kingdom, a

a fulfillment of the necessary conditions

(as to water supply) for fire extinction.

An ordinary hydrant may be- shortly

described as a stop cock on a water-pipe

or main, to which hose may be attached

for fire extinction or other purposes. If

for fire-extinction, without the interven-

tion of a fire-engine, the hose will, at its

other end, be provided with a branch
and nozzle. Upon opening the stop-

cock the water from the main, or pipe,
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will issue from the nozzle as a jet. The
height of the jet will depend upon the

pressure in the main, the quantity of

water available, the length of hose em-
ployed, and the size and shape of the

nozzle.

A fire-plug is a wooden plug driven

tightly into a socket or opening in a

water pipe under the road. When water
is required for fire extinction the plug is

withdrawn, and the water issues from the

opening, either into the street, where it

is usually received by a portable tank, or

into a stand pipe inserted in place of a

plug. It is obvious that plugs cannot
be used where the supply is constant
with a good pressure, and they have not
been placed upon the constantly charged
mains (the best existing supply for fire

extinction) in the metropolis. Several

forms of hydrants and a fire plug and
stand pipe may be seen in the "Water

Companies' Pavilion in the Exhibition.

In order to obtain a good jet from a

hydrant, it is necessary that the pressure
of water at the hydrant, while flowing,

should be about 65 lbs. per square inch.

This will provide for overcoming the
friction of the water in passing through
an average length of hose, and will give

a jet about 80 feet high from an inch

nozzle. From the elaborate reports of

the chief officer of the Dublin Fire Bri-

gade, which he has kindly furnished to

me, it appears that all the fires in Dublin,
except those extinguished by small hand
pumps, are put out by jets direct from
the hydrants, and that the prevailing-

pressure is about 60 lbs. per square inch.

So much has been written and said

about hydrants, and the advantages to

be derived from their use, during the last

twenty years, that it is hardly necessary
for me to discuss their merits as com-
pared with fire plugs. It is generally

conceded that in all cases, whatever the
water supply may be, whether constant
or intermittent, high pressure or low, hy-
drants are superior to plugs as a means
of letting the water out of the pipes.

But it has been contended that so long-

as it is merely a question as between hy-
drants and plugs, the advantages of the
former over the latter are not sufficiently

great to justify any large expenditure
upon them. When, however, the ques-
tion becomes one as between hydrants
and fire-engines, a wider view becomes

necessary. Hydrants with a constant
and copious supply and good pressure of

water, are recognized as being incompar-
ably better agents for extinguishing fires

than fire engines, and the result of the
introduction of hydrants into Manchester
may be given in illustration. Mr. Bate-
man, the eminent engineer of the Man-
chester Waterworks, has stated publicly,

on more than one occasion, that the in-

troduction of hydrants with a good
pressure of water has resulted in a re-

duction of the losses from fire in Man-
chester to a small fraction (viz., one-
seventh) of what they were before the
introduction of the hydrants. And, ac-

cording to the report of Captain Tozer,
the Superintendent of the Manchester
Fire Brigade, the amount of property de-

stroyed has only averaged 4.3 per cent,

of that at risk during the last ten years,

while it will be seen presently that in

places having no efficient hydrant ser-

vices the losses are many times greater.

In Liverpool the fire brigade is a branch
of the police. The water supply is main-
ly by gravitation from reservoirs (from

400 to 600 feet above the low parts of

the town), and there are numerous hy-
drants. There are 3 steam and 14 man-
ual fire engines. The population in 1581
was 548,650, and the area is 8^ square
miles. Of the 180 firemen, 170 do reg-

ular police duty. The annual cost of the

brigade (average of three years, 1880-1—
2) was £5,325, or £9 14s. per 1,000 of

the population. The average annual
number of fires in the same period was
219, but the loss by fire was not ascer-

tained.

In Glasgow there is a good supply of

water by gravitation ; there are about
5,000 hydrants, and the majority of the

fires are extinguished direct from the
mains. There are 3 steam and 17 man-
ual fire-engines. The 66 officers and fire-

men are supplemented by an auxiliary

force of 52 policemen. The area of the

citv is 9^ square miles, and the popula-

tion in 1881 was 510,816. The cost of

the brigade to the ratepayers in 1882 was
£5,266, or £10 6s. per 1,000 inhabitants

;

while the average annual loss from fire

in the same period was £110,000, or

about £215 per 1,000 of the population.

In Manchester the supply is also by
gravitation from resrvoirs at a consider-

able elevation (200 feet to 600 feet
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above the Exchange), and there is a con-

stant high-pressure supply. There are

about 17,000 hydrants in the city and
suburbs. Two steam and five manual
fire engines are retained, but are seldom
used. The population in 1881 was 341,-

500. The area of the city is 6f square
miles, but the fire brigade extend their

operations beyond the city. There are

sixteen stations, and the annual cost to

the ratepayers for the fire brigade is £3,-

547 (on an average of the three years,

1880-1-2), or equal to £10 8s. per 1,000

of the population. The average esti-

mated annual value of property destroyed
in those three years was about £80,000,
or about £235 per 1,000 of the popula-
tion.

In Dublin the supply of water is again

by gravitation, and the pressm'e varies

from about 40 lbs. to 80 lbs., being gen-

erally 60 lbs. when the water is flowing

through the hydrants. There are nu-
merous hydrants, and though there are

2 steam and 3 manual engines, they do
not appear to have been used in the

three years (1880-1-2), within the city.

The brigade consists of 32 officers and
men. The population in 1881 was 249,-

602, and the area of the city is 6 square
miles, but the operations of the brigade
are not confined to that area. The aver-

age annual co«t of the brigade for ex-

penses and wages (for the three years

1880-1-2) was £3,286, or about £13 3s.

per 1,000 of the population. The esti-

mated value of property destroyed aver-

aged £31,144 per annum, or about £125
per 1,000 of the population.

In Birmingham the whole of the water
supply is pumped, therein differing from
the cases already referred to ; but a sys-

tem of fire hydrants has been recently

introduced. The population (average of

1882 and 1883) is~411,690, and the area

13 square miles. The fire brigade con-

sists of twenty-seven officers and men,
and there are two stations and eight po-
lice stations, with apparatus. One steam
and five manual fire engines are retained,

none of which were used for fire extinc-

tion in 1882, and engines were used twice

only in 1883. The total water supply is

11§ million gallons daily, with a press-

ure of 40 lbs. to 60 lbs. per square inch.

The annual cost of the fire brigade to

the ratepayers (average of 1882 and 1883)
is £3,250, or £7 18s. per 1,000 of the

population, while the average annual loss

in the two years was £10,931, or £26 lis.

8d. per 1,000 of the population, and this

loss was equivalent to 3 per cent, only of

the value of the property " at risk."

In Paris the water supply is partly

pumped and partly by gravitation. Street
hydrants have, to some extent, been in-

troduced. In certain cases, where the
pressure is sufficient, they are used with-

out the intervention of fire engines, but
the water supply is not such as to admit
of this being done generally. It is in-

tended, however, to increase the number
of hydrants to 8,000, and ultimately to

make them universal, and to dispense
with fire engines. The total daily supply
of water is about 82 million gallons.

The population is 2,269,000, and the
area 29 square miles. The fire brigade,

numbering
s
l,743 officers and men, is an

•armed force lent by the Minister of War
for the special service, and it is not
called out for purposes of war. There
are 11 barracks, 10 steam fire, and 80
small stations in addition to 40 look-

outs, and there are 12 steam and 80
manual fire-engines. The annual cost of

the fire-extinguishing service is £86,600
(average of two years, 1883 and 1884),
or about £38 3s. per 1,000 of the popula-
tion ; but this cost does not include the
rent and repairs of the barracks, quar-
ters, &c, which belong to the Prefecture of

the Seine. The estimated annual average
losses for the three years 1880-1-2, were
£431,300, or about £122 10s. per 1,000
of the population.

Having now described the operations,

and their results in cities having ef-

ficient hydrant services, I propose to di-

rect attention to some of the more im-
portant of the cities having no such ser-

vices, and more particularly to New York
and London.

In New York the water supply is very
copious but it has not sufficient pressure
for fire purposes without the intervention

of fire engines. Hydrants have, to some
extent, been introduced, and, it is stated,

with benefit, as permitting more speedy
access to, and preventing waste of, the

water. The total supply is, according
to the report of the fire department,
about 100 million gallons daily ; the pop-
ulation in 1880 was 1,206,300, and in

1881 probably 1,240,000. The area

served by the fire brigade is about 39
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square miles. In 1882 there were 50 en-

gine companies, and 19 hook and ladder

company stations, besides lookouts, fuel

depots, and store houses. There were
57 steam fire, but no manual engines.

In the period 1880-82 the average force

was 939 officers and men, and the average
annual expenditure was £288,190, or

£230 8s. per 1,000 of the population. In
the same period the average annual fire

losses were £880,000, or about £710 per
1,000 of the population. The quantity

of water used by the fire engines was
about 40,000,000 gallons annually in the

period 1880-2, or about 1-900th part of

the total supply.

In London the whole of the water
supply is pumped, and the average
pressure is quite inadequate for fire ex-

tinction without the intervention of fire

engines. A large number of observa-

tions were made all over the Met-
ropolitan area by the Boax'd of Works
in 1876, and it was found that the

average pressure was only about 30
lbs. per square inch, when there was no
extraordinary draught on the pipes, such
as that required for fire extinction ; and
it is not surprising that this should be
so. The pressure given by the water
companies is that required by statute, or,

otherwise, by the customers of the com-
panies, and even if they desired to do so

it might be doubted whether, in the

words of the Select Committee of 1876-

7, the companies would be " justified

by their constitution in incurring ex-

penditure for fire purposes," for which
purposes alone would it be necessary for

them to increase their pressure.

The quantity of water delivered for

all purposes is sufficient to meet the

demands for fire extinction. There are,

according to Captain Shaw's reports,

very few cases of short supply, and con-

stant supply is being gradually extended
voluntarily by the water companies. Hy-
drants have been put down by the cor-

poration throughout the city, and con-

nected directly by branches with the
constantly charged mains of the New
River Company, and they have on sev-

eral occasions been found useful, though
the pressure is not such as to admit
of fire engines being dispensed with in

all cases. A few hydrants have also been
recently introduced by the Metropolitan

Board of Works in other parts of the

metropolis.

In the matter of pressure, however, as

already stated, the general metropolitan
water supply is undeniably deficient.

There is a copious supply of water in

close proximity to the property to be pro-

tected, but it cannot be brought to bear

upon a fire without the intervention of

fire engines.

The population of the metropolis in

1S81 was 3,814,571, and the Metropoli-

tan Board of Works area is about 121
square miles, including the city's one
square mile. There are fifty-five land

fire stations, 12 street, 127 fire escape,

and 4 floating stations ; and the brigade

consists of 588 officers and men. The
annual average cost of the fire brigade

for the three years 1880-2 was £99,880,
or £26 4s. per 1,000 of the population. It

is somewhat difficult to arrive at the

value of the property destroyed by fire

in the metropolis, but a calculation based
upon the contributions of the insurance

companies to the support of the fire bri-

gade, and upon evidence given by Cap-
tain Shaw and others before the Select

Committee on the Fire Brigade in 1877,

would make it appear that in 1882 the

value of insured and uninsured property

destroyed by fire was probably consid-

erably in excess of 2£ millions sterling,

or about £588 per 1,000 of the popula-

tion. As compared with the efficiently

hydranted places already referred to, it

will be seen that the cost of the fire ex-

tinguishing service, and the fire losses,

are very high in London. This will be
made very apparent upon an inspection

of the appended Table A, which gives,

in addition to the cost of the fire services

and fire losses in the several places re-

ferred to, a statement of what the cost

and losses would be in the metropolis,

were the rates of cost and loss the same
as in the other places.

It will be asked why the metropolis

should have been allowed to remain, year

after year, subject to the preventable

drain of wealth indicated by these fig-

tu-es ? The reply is, that the past and
existing state of things have not been
submitted to in ignorance or willingly,

but the difficulties surrounding the sub-

ject in the metropolis have been practi-

cally insurmountable.
More than twenty years ago the Select
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Committee on Fires in the metropolis di-

rected attention to the extraordinary fa-

cilities for extinguishing fires then exist-

ing in Liverpool, Manchester and Glas-

gow, and to the efficiency and small cost

of the fire services in those places ; and,

more recently, in 1876-7, the Select Com-
mittee on the Metropolitan Fire Brigade,

having heard evidence as to the advan-

tages of the hydrant systems referred

to, recommended that hydrants should
be put down in the metropolis at once
wherever a constant supply was given,

and that the water supply should be im-

proved so as to give constant service

everywhere and increased pressure. But
it was found that to comply with these

recommendations a permanent expendi-

ture of £337,000 per annum beyond the

cost of the fire brigade would be involved.

Of this annual sum about £150,000 rep-

resented the increased cost of pumping
alone ; and since the quantity of water
required for fire purposes is infinitesimal

as compared with the quantity supplied

for all other purposes, it is obvious that

this expenditure of power, if the whole
had to be pumped to the requisite height,

would be out of proportion to the result

obtained. I have made a calculation,

based upon the relative quantities and
upon the evidence given before the com-
mittee, from which it appears that for the

purpose of discharging water through a

hydrant upon a fire in this way, about 170
horse-power would be required for every
gallon of water thrown. And there

would be the attendant disadvantages
that all the house fittings would have to

be altered and strengthened, and the
mains and pipes would have to be taken
up,* and relaid of greater size and
strength, and at enormous inconvenience
to the householders and the traffic in the
streets ; and the pressure would, in the
greater part of the metropolitan area, be
inconveniently great. This proposal also

involved the great disadvantage that it

could not be carried out until the water
companies should have been ranged un-
der one control.

As long ago as 1862, the late Mr. James
Easton, who held the view that no satis-

factory supply of water for fire extinc-

tion with constant high pressure could
be secured in connection with the ordi-

nary domestic supply, proposed to lay

down a completely new set of mains to

be used exclusively for fire purposes, but
the cost would have been enormous. His
estimate was £72,000 per square mile,

and his proposal only extended to forty

square miles of the metropolis. This
area alone would have involved an annual
cost for interest and working expenses of

£150,000. A somewhat similar proposal,

but with the addition that the water was
to be taken from the chalk formation at

about 15 or 20 miles from the center of

London, instead of from the wrater com-
panies' mains, as was proposed by Mr.
Easton, and that the supply was to be
used for potable and culinary purposes
after being pumped to the greatest attain-

able elevation, in order that it might have
sufficient pressure for fire extinction pur-

poses, was put forward by the Metropoli-

tan Board of Works, on the advice of Sir

J. Bazalgette, Sir F. Bramwell, and Mr.
Edward Easton, in 1877. It was esti-

mated that the introduction of this sys-

tem of hydrants would have resulted in

an annual saving of £60,000 in the exist-

ing expenses of the fire brigade. This
scheme, involving a dual supply to every

house, was taken to Parliament, but was
withdrawn ; and, in their annual report

of 1878, the Board said that they "came
to the conclusion, in view of the disfavor

with which the scheme appeared to be
regarded by most of the local authorities

of the metropolis and others, not to

bring it before Parliament again in the
following session.'' Looked at purely

from a fire extinction point of view,

there is one great objection to all the
proposals that have been hitherto made,
viz., that owing to the great variations of

level in the metropolis, there would, in

many localities, be insufficient pressure,

while in others the pressure would be ex-

cessive.

In any water supply for fire purposes,

it is certainly desirable that the pressure,

in addition to being sufficient, should also

be moderately uniform in the hose, what-
ever may be the elevation of the locality.

This uniformity is practically obtained at

present by the use of fire engines, but
with the great drawback that the power
requisite for giving the pressure is not
available on the instant that the occasion

for its use is discovered. The diagram
B on the wall illustrates among other

things the result of the vigorous efforts

made by the fire brigade to reduce this
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evil to a minimum. It shows that since

the year 1870, when Captain Shaw first

began to publish the distances traveled

by his engines—the distances run have
increased from 11 miles to 31j miles (in

1882) per fire. The number of journeys
made has increased from 8,000 to 29,000,

and the total distances run from 22,000
miles to 66,000 miles in the year.

According to the evidence given before

Sir H. Selwyn Ibbetson's Committee in

1S77, the fire engines were then only
used for pumping at about one-fifth of

the fires. If that was still the case in

1882, then it follows that for each time
the engines were used for pumping upon
a fire they must have run, on an average,

172 miles.

When it is considered under what un-
favorable conditions, and how uselessly

the journeys are often made, some idea

may be formed of the superiority of a

system of hydrants where the power, as

well as the water, is always on the spot
ready for instant application. The same
diagram illustrates also another feature

of the fire brigade service, viz., the
growth of its cost from the commence-
ment of the old fire engine establishment
in 1833. It will be seen that the growth
has been, and is, very rapid as compared
with the growth of the population. In
the first year of the Metropolitan Board
of Works' administration of it the cost of

the brigade was under £41,000 ; in 1882
it was £106,552, or an increase in the pe-

riod of sixteen years of 160 per cent.,

while the population increased, only 28
per cent., and the number of fires 44 per
cent. ; and in the year 1883, the cost had
further increased to over £115,000. It

must not be supposed for a moment that
this increase is to be regarded as un-
necessary under existing conditions.
The cost of the London Fire Brigade
is, thanks to Captain Shaw's admirable
organization, still small, as compared
with some other unhydranted cities. In
New York, as already stated, the cost is

very much greater for less than a third
the population and area. There the av-
erage annual cost for the three years,

1880-3, was over £288,000, and it ap-
pears to be growing almost as rapidly
as that of London, though, on the other
hand, the population there is growing
more rapidly. Paris, also, another prac-
tically unhydranted city, with half the

population, spends proportionately more
than London for fire extinction.

The question of the cost of fire extinc-

tion again, is not the sole consideration

;

behind that there is the question of fire

loss, or the destruction of property by
fire, and the loss of life. Putting aside

the last and highest question as being
one not altogether dependent upon the

extinguishing service, I propose now to

direct attention to the question of fire

losses as affected by the absence or pres-

j
ence of efficient hydrant services.

In describing the hydranted cities I

have already given the fire losses in four

of them, viz., Glasgow, Manchester, Dub-
lin and Birmingham, in accordance with

the published estimates, and I have shown
that the losses are—in Glasgow, £215

;

in Manchester, £234; in Dublin, £125,
and in Birmingham £26 lis. per 1,000 of

the population. In the case of New
York the losses are published in detail,

and amount to about £710 per 1,000 of

the population, as compared with £588,
the loss in the metropolis as estimated

by myself.

The Table A has been prepared in ac-

cordance with the facts I have stated

;

but in order to give the figures a practi-

cal bearing in the case of the metropolis,

I have added two columns which give the

costs and losses of a place having the

population of London, at the same rates

as each of the places considered. It

will be seen that the annual cost of ex-

tinction by hydrants, if it were at the

same rate as Liverpool, Glasgow, Man-
chester and Birmingham, would be from
£30,000 to £40,000 ; and at the same
rate as Dublin, £50,000 ; while, if it were
at the same rate as New York, the cost

would be £886,000, instead of £99,880,

the average annual cost in London in the

years 1880-2.

The diagram H (shown on the wall)

has been prepared from Captain Shaw's
table, already referred to, and it seems
to place the value of efficient hydrant-

ing in a very striking light. From the

table referred to have been plotted the

figures, giving the cost Of the fire bri-

gades in a number of important towns
at the date of the compilation of the

table (in 1877). The cost in the hy-

dranted cities, viz., Glasgow, Liverpool,

Manchester and Dublin has been shown
in red. The blue line shows the cost in
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Table A.

—

Annual Cost of Fire Extinction, and Annual Amount of Fiee Losses,

in Some Hydeanted and Unhydeanted Cities.

Average of Three Tears, 1880, 1881, 1882.
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* Hydeanted.

Liverpool
Glasgow
Manchester
tDublin
Birmingham, 1882-3,

£ £ s. £
548,649 8.28 5,325 9 14 37,000
510,816 9.55 5,266 10 6 39,290
341,508 6.7 3,547 10 8 39,670
249,602 6.0 3,286 13 3 50,200
411,689 13.15 3,250 7 18 30,115

£ £ s.

110,000
80,180
31,144
10,931

215 7

234 16
124 16
26 11

821,542
895,644
476,050
101,287

* Unhydeanted.

London
New York. .

.

IParis, 1883-4

3,814,571 121 99,880 26 4 99,880
1,240,000 39 288,190 232 8 886,490

1,269,023 39 §86,600 §38 3 145,500

2,242,400 587 19
880,000 709 14

11431,300 ||192 10

2,242,400
2,707,150
734,300

* The terms " hydranted " and " unhydranted " indicate the presence or absence in each place of a com-
plete system of hydrants which are used for Are extinction without the intervention of fire engines.

t The cost of the Fire Brigade has been reduced from £3,616 in 18S0, to £3,053 in 1882.

% A large number of Are hydrants have been put down, and some have been used without the intervention
of fire engines, but the average pressure is not such as to admit of this being generally done.

§ Average of 1883 and 1884, exclusive of rent and repair of quarters, barracks, &c.
II
Average of 1880, 1881, and 1882.

a number of American cities. Paris and
London, having populations respectively

twice and over three-fold as great ' as

New York, are not shown, but from the

table, and the remarks upon it it will be
gathered that in both those cases the

cost would be far above the rates shown
by the red color, which has been extend-

ed to embrace a place of the size of New
York.

In the foregoing remarks I have sim-

ply taken population as the basis of

comparison between the several places.

And, I do not pretend to say that there

are not exceptional considerations apart

from the question of water supply, such

as areas, character and proximity of

buildings, habits of people and so on,

which would, and no doubt do, materially

influence results, but the distinction be-

tween the hydranted and unhydranted
places is so broad and marked where the

places are of such different characters on

the one hand as Glasgow, Liverpool,

Manchester and Dublin, and on the other
hand, as London, New York, Paris and
Birmingham, that it must appear to all

that the absence or presence of efficient

hyclranting far outweighs any other con-
sideration.

It now remains for me simply to add
that, having for some years devoted
much study to the subject, 1 believe

that, notwithstanding all the difficulties,

only the chief of which have been advert-

ed to here, there are methods—or per-

haps I ought rather to say there is a
method—by which such cities as London,
New York, and Paris may be efficiently

hydranted at a comparatively small cost,

and practically with very trifling incon-
venience, which method I have already
described in papers read at the last meet-
ing of the British Association, and before
the Institution of Mechanical Engineers.
It is, however, impossible, within the
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limits of a single paper, as must be suf-

ficiently obvious, to discuss the whole
question ; I, therefore, content myself on
this occasion by advancing the proposi-

tion that efficient hydrants form, as far

as our experience goes, the only effective

weapon with which fire brigades can suc-

cessfully cope with fires.

On the Purification of "Water by Iron
on a Large Scale.

by w. anderson, m. inst. c. e.

In January, 1883, in a paper on the

Antwerp Waterworks, read at the insti-

tution of Civil Engineers, I described the

application of Professor Bischof's method
of filtration, through a mixture of spongy
iron and gravel to the purification of the

waters of the River Nethe. The eighteen

months' additional experience gained has

shown that, so far as the purification of

the water is concerned, Professor Bis-

chof's process leaves little to be desired,

but the working of the system has been
costly, and the area of land required, as

well as the quantity of iron necessary,

has, in the case of the Antwerp water, at

any rate, proved very much beyond the

inventor's expectations.

The increased demands of the town
rendered it necessary to extend the ar-

rangements for purifying the water, and
it became my dutv to advise the direct-

ors of the company on the best means of

doing this.

The extension of Professor Bischof's

method would have involved so great an
outlay, that after trying, unsuccessfully,

many experiments on direct filtration

through unmixed iron at high rates of

flow, I determined to adopt a plan first

suggested to me some years ago by our
chairman, Sir Frederick Abel, of agita-

ting the water to be purified with iron in-

stead of attempting to filter it. The ob-
ject in either case was to expose the

water as much as possible to an extended
surface of iron, consequently, any plan
by which the iron could be made to keep
itself clean by rubbing against itself

continually, would seem to be a more ra-

tional way of attaining this object, than
of trusting to a partial filtration through
a more or less spongy material.

The obstacle to trying Sir Frederick
Abel's method at a much earlier date, was
the belief entertainedby Professor Bischof

that a contact of about 45 minutes was
necessary to ensure complete purification,

and any such time would be fatal to me-
chanical means of performing the work.

The late Professor Way and Mr. Ogston,
it is true, had shown that with very finely

divided iron the effect was much more
rapid, but there was still a doubt about
its permanence.

In the autumn of last year, a revolv-

ing cylinder, 4 ft. 6 in. in diameter, and
5 ft. 6 in. long, was adapted to try Sir

Frederick Abel's system. It was fitted

with inlet and outlet pipes, and with

shelves or ledges for scooping up the

iron, raising it to the top of the cylinder,

and then letting it fall through the water.

At first I began to run water through
at 12 gallons per minute, which gave a

contact of about 45 minutes, but I found
that at this rate the water was very heav-

ily charged with iron ; I gradually in-

creased the quantity to 30 gallons per
minute, and then found that 1.20 grains

of iron were dissolved per gallon, or about
twelve times more than experience at

Antwerp showed to be necessary. The
flow was increased to 60 gallons, and even
then 0.9 grains per gallon were dissolved.

The experiment looked so hopeful that

I fitted much larger pipes to the appa-

ratus, and having made some other dis-

positions connected with maintaining a
uniform distribution of iron in the cylin-

der, and preventing it being washed
away by the comparatively rapid current

that would be possible, I sent the " Re-
volver," as it came to be called to Ant-
werp, where it was put to work at the

end of last February, and has continued
to operate ever since.

The head available for forcing the water
through the " Revolver " is, at Antwerp,
limited to 5 feet, but by fitting very large

pipes I have managed to get 166 gallons

per minute through ; this gives a contact

of about 3^ minutes, and is so amply suf-

ficient that I feel sure that, even for the

waters of the Nethe, much less time will

be adequate.

The charge of iron is about 500 lbs.,

and the quantity taken up by the water,

including impurities and very fine iron

washed away, during a run of thirty-

three days was 0.176 grains per gallon.

By making suitable arrangements, and
choosing a favorable time with respect

to the demands of the town, we. were
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able to obtain samples of water that bad
been purified by the "Revolver" only,

and after proper exposure to the air, fol-

lowed by filtration through one of the

large sand filters, the result obtained has
been that the color was very little dif-

ferent from distilled water, the free am-
monia was reduced from 0.032 grains per
gallon to 0.001, and the albumenoid
ammonia from 0.013 grains to 0.0045.

The " Revolver '' turns at the rate of

about ^ revolution per minute, and re-

quires scarcely appreciable power. Tbe
area occupied by apparatus for dealing

with 2,000,000 gallons per day is 29 feet

by 24 feet, and it can be introduced into

any existing system of filters, for by en-

larging the inlet and outlet pipes to a suit-

able diameter, a head of some 12 inches

will suffice to pass the water through.
It can easily be arranged so as to be

used or not, as the state of the water to

be purified may warrant, and the con-
sumption of iron being only about 20 lbs.

per million gallons is quite an insignifi-

cant expense. It will be found to remove
all color from water whether caused by
peat or clay, and will facilitate the action

of sand filters by the peculiar curdling
effect the iron has on the impurities.

During the experiments made at Erith,

it was noticed that considerable quanti-
ties of gas collected in the upper part
of the " Revolver." On collecting this

gas it was found to extinguish a lighted
taper instantly, and on analysis was
found to contain only 8 per cent. of oxygen.

It was observed from the first that the
animal and vegetable life Avhich was so
abundant and troublesome in the natural
waters of the Nethe, lying over the
spongy iron filters, had quite disappeared
in the water, otherwise in exactly the
same circumstances lying over the sand
filters, and I always supposed that this

was due chiefly to mechanical filtration

through the spongy iron having sepa-

rated all the germs, spores and seeds
which come to life above it. But, during
the recent hot weather, it has been
found that the water from the " Revolv-
er," though it contains all the impurities
of the natural water, has been modified
by the action of iron to such an extent
that neither animal nor vegetable life is

apparent over the sand filters. Without
presuming to draw very wide inferences
from this fact with reference to the ac-

tion of iron upon organisms connected
with disease it may, at least, be pointed

out that the absence of visible life in

water treated by iron on a large scale

confirms, in a great measure, the experi-

ments of Dr. Frankland, Dr. Voelcker,

Mr. Hatton, Professor Bischof, and
others. It is due to the last-named gen-
tlemen to state that to his persistent ad-

vocacy the introduction of iron as a puri-

fier is mainly due. It must be borne in

mind that the system does not depend
on filtration only, but, first, on a process
of exposure to iron, which decomposes
the organic matter, and kills living or-

ganisms; and, secondly, on simple filtra-

tion, which merely separates the noxious
matters which had been previously at-

tacked by the iron. The waters of the

Nethe are exceptionally bad, and heavily

charged with impurities, so that the test

both of Professor Bischofs and Sir Fred-
erick Abel's systems has been very se-

vere.

The Russian review, Russkaya Starina and
the Journal of the Russian Chemical and

Physical Society have lately devoted some at-

tention to the first steam engine that was made
in the Russian Empire, in 1763, at the ironworks
of Barnaoul, in Western Siberia, by a mining
engineer, Polzunoff. It appears from M. Wo-
yeikoff's description of this steam engine, the
model of which, Nature says, exists still at

Barnaoul—both reviews have figured it on
plates—that Polzunoff's engine was a reproduc-
tion of the "fire-engine" of Newcomen, with
some original improvements. Thus, it has two
cylinders, instead of one, and, instead of the
beam, Polzunoff made use of a wheel which
received the chains of the pistons, and trans-

mitted the circular movement, transformed
again into a rectilinear one, to a pair of bellows,
used for blowing air into a high furnace. The
distribution of vapor was automatic, as in New-
comen's engine, but with several improvements.
The engine, which had cylinders 9 ft. long and
9 in. in diameter, worked during two months
from May 20th, 1766, and 3100 cwt. of silver

ore, yielding 5 cwt. of silver, were melted with
its help. But Pulzunoff did not see his engine
at work, as he died from consumption four days
before. He was a remarkable man for his time.

In his theoretical remarks about "Air, Water,
and Vapor," he notices also that physicists are

not agreed as to the origin of heat, some of them
seeing in it a much-divided, fine moving matter,
while others "see the origin of heat in friction

and in the vibratory motion of the particles in-

accessible to our senses, of which the bodies
are constituted." He obviously quotes here the
words of Lomonosoff, who statedin these words
the mechanical origin of heat in his little-known
memoir, written as an instruction to Tchitcha-
goff's Polar Expedition.
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SIZE AND INCLINATION OF SEWERS.
Bt ALFEED EDWARD WHITE, Assoc. M. Inst. C. E.

From Selected Papers of the Institution of Civil Engineers.

There is no doubt that each of the two
systems of sewerage, the separate and
the combined, possesses certain advan-
tages and certain disadvantages, as com-
pared with the other ; there being some
conditions under which the former sys-

tem may be adopted with the greater

benefit, and other conditions under which
the latter is the more applicable. An ad-

vantage of some importance, however,
which the separate system possesses
over the combined system, is that of al-

lowing of the use of sewers of a smaller

size.

As a rule, the smaller a sewer (within

certain limits) the better, provided it is

large enough to deliver the maximum
quantity required to be disjoosed of ; and
the smaller the excess of the maximum
flow over the ordinary flow, the more ef-

ficient may the sewer be made for the
conveyance of the ordinary flow. A
sewer constructed to receive the whole
of the surface water in addition to the
sewage, will not, with the dry-weather
flow consisting of sewage only, work as

efficiently as a smaller sewer, constructed
to convey the sewage with only a limited

quantity of surface water. The larger

sewer is so much in excess of the require-

ments of the dry-weather flow, that it

will not under ordinary circumstances be
self-cleansing to the same extent as the
smaller sewer, while the smaller may
also be more efficiently flushed with a

moderate supply of water.

It probably is necessary in almost all

cases (in order to avoid an unreasonably
complicated arrangement of branch
drains) to admit the water from back
roofs and back yards to the sewers, even
where there are separate drains for sur-

face water ; but the greater the quantity
so admitted the more it will tend to

neutralize the advantage above referred
to.

To determine the volume of the dry-
weather flow in any sewer is a compara-
tively simple matter, if sewage only be
admitted to it, as such volume may be

considered equal to the amount of the

water-supply ; which amount is usually

known with sufficient accuracy, and for

an average town may be taken at 25 gal-

lons per head per day. In making pro-

vision for the maximum dry-weather flow

of sewage, it is usual to assume that

one half the daily quantity is discharged
in from six to eight hours ; if, therefore,

the daily quantity be assumed at 25 gal-

lons per head, the maximum flow will

be at the rate of 12 £ gallons per head in

(say) six hours, or about 2 gallons per
head per hour.

The amount of rainfall, which it is

necessary to provide for in the sewers, is

a. much more difficult matter to deter-

mine, and one which seems to be often

under-estimated. In the first place it is

necessary to estimate the amount which
the sewers should be capable of receiving

above storm-overflows ; and in the second
place the amount which they should de-

liver below such overflows. To prepare
for the heaviest rains in this country is

out of the question, considering the ex-

cessive falls which occasionally take

place. The rate of rainfall to be pro-

vided for above the overflows should be
determined with due regard to the degree
of risk of such rate being exceeded, and
to the amount of inconvenience or dam-
age which would be caused in the event

of its being exceeded ; but to incur a

great expense in constructing large sew-

ers, merely to avoid the probability of

their overflowing and causing a small

amount of damage, once or twice in a

generation, would be unreasonable. Such
expense, however, might be justified

where the probability of overflow, and
also the damage likely to ensue, were
great. With regard to the sewers be-

low storm-overflows, their capacity should
be sufficient to avoid overflows of such
frequency and amount, as would serious-

ly pollute the watercourses or rivers re-

ceiving the overflows.

Under the separate system the only

rain which should find its way to the
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sewers is that falling upon back roofs

and back yards, and the quantity may be
estimated from the area of such roofs

and yards, together with the maximum
rate at which rain falls. The above area

may be taken at an average of 500 square

feet for a house occupied by five persons,

or 100 square feet per head of the popu-
lation, and it may be assumed that the

entire rainfall upon such area is dis-

charged into the sewers.

The published rainfall tables, of the

description required to determine the

;maximum rate at which there is a prob-

ability of rain falling, are of a very

meager character. Observations of rain

fall are not usually taken at shorter in-

tervals than twenty-four hours, and the

duration and amount of most heavy
rains consequently are not recorded. In
the volumes of " British Rainfall,"* there

are, however, tables giving all the excep-

tionally heavy falls reported by observers

in various parts of the United Kingdom,
and by these tables some valuable infor-

mation on the subject is given. Taking
the records of the three years, 1880, 1881
and 1882 ; there are reported fifty- seven
falls at a rate of over 1 inch per hour,

forty-two over 1^ inch, thirty over l-£

inch, eighteen over 2 inches, six over 3

inches, and two over 5 inches per hour.

The heaviest fall reported was at the

rate of 5.80 inches per hour, and it con-

tinued for thirty minutes. Regarding
these records, the impracticability of pro-

viding for the heaviest falls is obvious ;

it seems to the author, however that a
fall at the rate of 1| inch per hour should
in average cases be provided for, in sew-
ers which are not relieved by storm-over-
flows ; and for the purpose of future cal-

culations it is assumed that such sewers
should be capable of receiving a fall of

this amount. It should be stated that

many of the above-mentioned forty-two
falls, which exceeded 1^ inch per hour,

were of such short duration that they
would not cause sewers, capable of dis-

charging this amount, to overflow, as the

capacity of sewers, independent of their

discharging power, is considerable.

The available statistics, of the char-

acter necessary to determine the amount
of rainfall which it is desirable to pro-

vide for in sewers below storm-overflows,

* " On the distribution of rain over the British
Isles." Compiled by G. J. Symons, F. R. S.

are, for the purpose required, of a more
satisfactory nature than those above re-

ferred to. " British Rainfall " for the

year 1880 contains a very useful table,

contributed by Mr. Baldwin Latham, M.
Inst. C. E., prepared from the records of

a self-recording rain-gauge at Croydon
;

such table giving the quantity, duration,

and rate per twenty-fours hours, of all

falls of rain of any importance, from
March, 1879, to April, 1881. Some simi-

lar information is afforded by the records

of a self-recording rain-gauge at Camden
Square, London, which have very kindly

been placed at the disposal of the author
by Mr. Symons. As these records have
not before been tabulated, a table pre-

pared from them, giving particulars of

the important falls of 1881 and 1882, is

aiDpended to this paper.

Table 1, which is an abstract from the

above-mentioned tables, shows the num-
ber of times certain rates of rainfall were
exceeded in two years ; also the aggre-

gate duration of the falls exceeding these

rates.

Table I.

Rate of Number of Aggregate
fall in times rate duration of

fractions was ex- excessive

of an inch ceeded in falls in

per hour. two years. hours.

r
i

4 38 20|
Croydon i

i

I

1

6 78 45
Records 1 108 73

1
18 154 115*

r
1

4 59 Hi
Camden i 1 99 35J
Square

i i 136 71}
Records L

1 202 119

From this table may be obtained, ap-

proximately, the number of times that

storm-overflows would come into action

with sewers capable of discharging vari-

ous amounts of rain, and also the ag-

gregate duration of the overflows. As,

however, a number of the falls included

were of very short duration, and in many
cases would not be simultaneous over

the whole drainage area, it may be as-

sumed that some of them would not

cause overflows, and that the duration of

the overflows caused by others would be
reduced ; and to compensate for this a

deduction of (say) 20 per cent, should be
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made from the figures in Table 1. Now,
taking a sewer capable of discharging a

rainfall of £ inch per hour, and making
the required deduction, the number of

overflows during two years, according to

the Croydon records, would be eighty-

six, and according to the Camden Square
records one hundred and nine, and their

aggregate duration, in each case, about
fifty-eight hours ; or during one year the

number of overflows would be forty-

three and fifty-four and a-half respec-

tively, and their duration, in each case,

about twenty-nine hours. Overflows to

this extent in most cases, and probably
to a considerably greater extent in many
cases, would be admissible, and for the

purpose of future calculations it is there-

fore assumed that sewers below storm-
overflows should be capable of discharg-

ing ^ inch of rainfall per hour.
It is of interest to notice that of the

rainfalls at Croydon and Camden Square,
during the above period, none amounted
to the maximum quantity which would
be received by sewers capable of dis-

charging 1^ inch per hour. Eight falls

were in excess of one-half the capacity of

such sewers, forty six of one-quarter, and
one hundred and sixty-eight in excess of

one-eighth their capacity. The heaviest

fall, which was at Camden Square, con-

tinued for ten minutes at the rate of 1.68

inch per hour;. this, however, taking into

consideration the shortness of its dura-
tion, was about 12 per cent, below that

which sewers capable of discharging 1J
inch per hour would receive. The fall

second in importance was at Croydon,
and continued for ten minutes at the
rate of 1.34 inch per hour, this being
about 30 per cent, below the amount the

sewers would receive.

Upon the area before mentioned as

that which may be assumed to be cov-

ered, per head of the population, by back
roofs and yards, viz., 100 square feet, a

rainfall of 1^ inch would produce 65 gal-

lons ; and as the maximum volume of the

sewage proper, in average cases, as al-

ready determined, is about 2 gallons per
head per hour, a total of 67 gallons per
hour shoiild be provided for in sewers
which are not relieved by storm-over-
flows. With regard to sewers below
storm- overflows, the volume to be pro-
vided for, per head per hour, according
to the foregoing conclusions, is a rainfall

of •£ inch on 100 superficial feet, or 6£
gallons, and 2 gallons of sewage, making
8£ gallons.

Sewers should, where possible, be con-
structed with such inclinations as will

render them self-cleansing with the ordi-

nary flow of sewage ; and where this is

impracticable, the inclination should at

least be sufficient to give a self-cleansing

velocity with the assistance of flushing.

As to the velocity necessary for self-

cleansing purposes, authorities differ

somewhat. It seems to be usually con-

sidered that small sewers require a

greater mean velocity of sewage flow

than large sewers, but the grounds upon
which this assumption is based do not
seem very clear. The bottom velocity is

that upon which the self-cleansing prop-
erties depend; but how is this velocity

to be determined'? The size, form,

gradient, and depth of flow of a sewer
being given, there are several reliable

formulas for calculating the mean veloc-

ity, but not so the bottom velocity. One
authority states the bottom, mean and
surface velocities to be nearly as 3,

4 and 5, and others express the ratio by
figures nearly corresponding with these.

It appears to be assumed that these pro-

portions apply under all circumstances

;

but that this is a mistaken assumption,

the author would submit, may be proved
as follows:

If a trough be taken, as shown by the

annexed diagram, in which the water is

up to A, then, according to the above
rule, if the velocity of flow at A be rep-

resented by 5, that at B, half-way down,
will be about 4, and at the bottom 3,

while the velocity at C, mid-way between

the bottom and B, will be about 3^. Now
if the water be only up to B—that is to

say, of half the depth before assumed

—

and the inclination be increased so that

the mean velocity is the same as before,

then the velocity at C, it being about the

mean, will be 4. Thus in the former case
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the velocity at C, which was 3 \, was less

than in the latter, the mean velocity in

each case being the same. How then
will the bottom velocities in the two cases

correspond? The velocity of the bottom
water is affected by three forces : I. Its

own gravity, due to the inclination of the

trough. 2. The velocity of the water
directly above. 3. Its friction upon the

bottom of the trough. The first force,

that of gravity, is greater in the latter

case, or with the shallow flow, as the in-

clination is greater ; the second force,

that of the water above, is also greater

in the latter case ; for, taking any point

above the bottom, as, for instance, the

point C, the velocity at that point is

greater in the shallow flow. The third

force, that of friction, upon the bottom
of the trough, is equal in each case.

Both the force of gravity, and the

greater velocity of the water above, tend
to give the bottom-water a greater veloc-

ity with the shallow flow, and it is there-

fore evident that the difference between
the mean and the bottom velocity is

greater with a deep flow of sewage than

with a shallow flow, or, under ordinary

circumstances, with a large sewer than
with a small one. It would therefore

appear that the mean velocity necessary

to render sewers self-cleansing is greater

with a deep flow than with a shallow

flow.

It may be assumed that 150 feet per

minute is an ample self-cleansing velocity

for ordinary sewers when running half-

full or thereabouts, and 135 feet per
miuute is probably quite sufficient for a

shallow flow, such as that discharged in

dry weather, provided the sewage be
sufficiently deep to float or submerge the

solid matters contained in it.

The inclinations necessary to produce
a velocity of 150 feet per minute in cir-

cular sfwers of various sizes, flowing

half- full, or full, and in egg-shaped sew-

ers flowing two-thirds their vertical

height, are shown in Table 2 ; also the

population which such sewers, when
running full, would be capable of serving

at 67 gallons per head per hour above
storm-overflows, and 8£ gallons below
storm-overflows.

Sewers should be constructed to flatter

inclinations than the above, and these

inclinations are only admissible where
flushing power is provided.

Table II.

Inclination Population Population
Size of to produce served by served by

velocity of sewers a- sewers be-
Sewer. 150 feet bove storm 1 low storm-

pr. minute. overflows. overflows.

Ft. In. Ft. In.

6x0 6 1 in 174 165 1,297
9x0 9 " 261 370 2,919

1 0x1 " 349 658 5,189
1 3x1 3 " 436 1,028 8,107
1 6x1 6 " 524 1,481 11,675
2 3x1 6 " 661 2,080 16,390
2 6x1 8 " 734 2,567 20,235
2 9x1 10 " 808 3,106 24,485
3 0x2 " 882 3,697 29,140
3 3x2 2 " 955 4,340 34,200

In the preparation of the foregoing
and following tables, the formulas used
are those of Eytelwein, viz.

:

V=56Q4V E S.

S= V 2

E (5604)
2

'

Where V=velocity in feet per minute.

S= sine of inclination.

E= hydraulic radius.

To ascertain the gradients required for

self-cleansing with the dry-weather flow,

it is necessary to determine the amount
of such flow as compared with the
capacity of the sewers. According to

the figures already given, the maximum
quantity to be provided for in sewers
above storm-overflows is 33^ times, and
in sewers below storm-overflows 4j times,

the maximum dry-weather flow. The
difference, however, between the dry-

weather flow and 'the capacity of the
sewers would often be considerably

greater than this, as sewers are of neces-

sity somewhat larger than necessary for

the maximum flow, through certain por-
tions of their length, especially on ap-

proaching dead ends. To allow the re-

quired margin, let it be assumed that

the capacity of sewers above storm-over-

flows is 45 times, and below storm-over-

flows 5 times, the maximum dry-weather
flow. "Working upon these proportions,

the inclinations required above storm-
overflows in sewers of various sizes, to

produce a velocity of 135 feet per min-
ute with the dry-weather flow, are shown



470 VAIST nostrand's engineering magazine.

by Table 3 ; also the depth of the dry-

weather flow, the assumed population
contributing to it, the velocity when run-

ning full, and the population which the

sewers, when running full, would be
capable of serving, at 67 gallons per
head per hour.

Table 3.

Inclination to Depth of dry- Population
produce veloci- weatherflow, or Population Velocity served by sewer

Size of Sewer.
ty of 125 ft. per of flow equal to contributing to when running when running
niinute, with one forty-fifth dry weather full, in feet full at 67 gal-

maximum dry- the capacity flow. per niinute. lons per head
weather flow. of sewer. per hour.

Ft.Ins. Ft. Ins. Inch.

6x06 lin 50 0.56 230 280 308
9x09 " 75 0.83' 514 ti 69110x10 " 100 1.11 915 It 1,22913x13 " 125 1.39 1,428 i I 1,91916x16 " 150 1.67 2,057 ii 2,764

2 3x16 " 214 2.63 2,708 .252 3,638
2 6x18 " 238 2.92 3,343 u 4,491
2 9 x 1 10 " 262 3.21 4,046 u 5,435
3 0x20 " 286 3.50 4,816 " 6,468
3 3x22 " 310 3.79 5,650 " 7,590

Table 4 gives particulars, similar to

those in the preceding Table, with refer-

ence to sewers below storm-overflows,

the maximum flow being taken at

gallons per head per hour.
§i

Table 4.

Inclination to Depth of dry- Population
produce veloci- weather flow, or Population Velocity served by sewer

Size of Sewer.
ty of 135 ft. per
minute, with

of flow equal
to one-fifth the

contributing to

dry-weather
when running-

full in feet

when running
full at 8| gallons

maximum dry- capacity of flow. per minute. per head per

weather flow. sewer. hour.

Ft.Ins. Ft.Ins. Inch.

6x06 1 in 145 1.76 1,213 165 1,427

9x09 " 217 2.64 2,729 " 3,211

10x10 " 289 3.52 4,852 t i 5,708

13x13 " 361 4 40 7,581 '• 8,919

16x16 "•434 5.28 10,917 " 12,843

2 3x16 " 525 8.79 15,577 161 18,326

2 6x18 " 583 9.77 19,231 " 22,625

2 9 x 1 10 " 642 10.75 23,270 " 27,377

3 0x20 " 700 11.72 27,693
" 32,580

3 3x22 " 758 12.70 32,502
a 38,237

The difference shown in Tables 3 and
4 between the population contributing to

the dry-weather flow, and the population

which the sewers are capable of serving,

represents the margin allowed in deter-

mining the amount of the dry-weather

flow, as compared with the maximum
flow, as previously explained. Should
the population contributing to the dry-

weather flow be less than that stated, in

which case the volume of sewage would
also be less, an increased inclination

would be required to give the self-cleans-

ing velocity.

The size of sewer for inclinations

other than those in the tables may easily

be calculated from those given, the dis-

charge being in proportion to the square
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root of the sine of the inclination. The
sine, however, for a given population and
given inclination, may vary considerably,

according to the local conditions affect-

ing the volume of sewage per head to be
disposed of.

With sewers on the combined system,

the maximum amount of water to be
dealt with, in proportion to the popula-

tion, would probably be, in an average
case, three times that provided for in the

tables ; and the population served by
a sewer of a given size would conse-

quently be proportionately less.

ON THE CONSUMPTION OF FUEL IN LOCOMOTIVES.*
By M. GEOKGES M&RIE, Engineer of the Paris and Lyons Railway.

From "The Engineer."

During the past twenty years a great

advance has been made in regard to

economy of fuel in steam engines. In
marine engines remarkable results have
followed from the general use of com-
pound cylinders and surface condensers ;

for whereas their consumption was for-

merly from 3^ lbs. to 4^ lbs. per indi-

cated horse-power per hour, it has now
been reduced to about 2 lbs., and some-
times even less.f Equally good results

are obtained with Corliss engines. This
progress in economy of fuel has led to

the endeavor to effect a corresponding
reduction in locomotives. But, before

the ordinary build of locomotives so long
in vogue is abandoned, their exact con-

sumption ought to be ascertained. Gen-
erally it is measured in pounds per mile

;

but that mode is not a convenient one
for comparison, because it takes no ac-

count of gradients, weight of train,

speed, and train resistance, all of which
are so variable that the bare statement
of consumption per mile is of scarcely

any value. The only proper way of

reckoning the consumption, so as to ad-

mit of comparison under different cir-

cumstances, is in pounds per horse-power
per hour ; and this is accordingly the

new methods described in the present

paper, as applied to locomotives under
ordinary working conditions. There is a

general impression that locomotives con-

sume as much as from 4^- lbs. to 5^ lbs.

of fuel per horse-power per hour. With
a view to dispel this very prevalent error,

the author can quote experiments made

* Read before Institution of Civil Engineers,

t See Paper by Mr. F. C. Marshall. Proceedings
881, p. 452.

by him during the last few years, which
show an average consumption in good
locomotives of 3.35 lbs., when the horse-

power is measured by the work done at

the circumference of the driving wheels,

and of 2.91 lbs. when it is measured by
the indicator diagrams ; the fuel being of

good quality and the firing done with
care. Comparing this with the marine
engine consumption of 2 lbs. per indi-

cated horse-power, it is seen that loco-

motives are much more economical than
is usually supposed, considering that they
work non-condensing while marine en-

gines enjoy the great advantage of con-

densation. The author's first experi-

ments on this subject, made in 1877 on
the line between Bive-cle-Grier and St.

Etienne in the department of the Loire,

gave a consumption of 2.90 lbs. to 3.24

lbs. per indicated horse-power per hour ;*

other experiments confirming this con-
sumption were also made on a longer
length between Alais and Langeac on the
Nimes and Clermont line. These results,

which were widely criticised, led M.
Hirsch, Professor of Steam and Engi-
neering at the Ecole des Ponts et Chaus-
sees, to request that the experiments
might be repeated in his presence. Fresh
trials, which may be considered official,

were accordingly made with him on ISth,

20th and 21st of July, 1882, on the Mont
Cenis line between St. Jean de Maurienne
and Modane, with the ordinary trains.

The average consumption was again
found to be 2.9U lbs. per indicated horse-
power per hour. In these experiments
neither indicator nor dynamometer of

* See "Revue des Chemins de fer,"' Julv 1881,
p. 17. •
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any kind was used, such delicate instru-

ments being liable to give rise to errors.

Indicators especially occasion consider-

able errors through the oscillations of

the piston-rod and spring, and in general

give accurate results only from stationary

engines working at slow speeds. The
following are the particulars of the three

days' trials, which it is hoped will suc-

cessfully clear the locomotive from the

imputation of wastefulness in consump-
tion of fuel.

Choice of Line.—For experiments of

this kind the writer generally chooses a

steep rising gradient, because the work
performed by the engine can then be
easily and accurately calculated. It then
consists of two portions : first, the work
due to the train resistance on a level

;

and secondly, that due to gravity on the
incline. On a steep rising gradient
this latter portion becomes much the
more important, while it can always
be determined with accuracy, being the

product of the total weight of train and
engine, multiplied by the difference in

level between the two ends of the in-

cline ; whereas the calculation of train

resistance on a level is always subject to

slight errors, arising from variations in

the circumstances of wind and weather.
Hence the steeper the incline up which
the engine takes the train, the greater is

the accuracy with which work done can
be calculated. In this way the engine
duty can practically be determined with-

out the use of either indicator or dyna-
mometer of any kind. The portion of

line selected for the trials has the length
of 27iy miles between St. Jean de Mauri-
enne and Modane stations on the Mont
Cenis line ; the gradients are 1 in 100 to

1 in 35, rising towards Modane, which is

1709ft. above the lower station ; the
average gradient is 1 in 53^-.

Choice of Train.—The train chosen
was a passenger train starting from St.

Jean de Maurienne at 12.21 noon, stop-
ping only once on the way, at St. Michel,

for three minutes, and reaching Modane
at 1.25 p. m. ; the average speed being
accordingly 17.40 miles per hour. The
engine, built from the designs of the
writer's father, the late Ernest Marie,
had eight wheels coupled, and its princi-

pal dimensions were as follows :

Cylinders 5Diameter %L\\n.
uynnaers -

(Strokc 20 in>

AVheels, diameter 4 ft. lg in.

Heating surface
(Fire-box. . 104.52) OUQ - -

(Tubes 2045.18)
~ X4J "

'

U sq
'
"*

Fire-grate area 22.39 sq. ft.

Boiler pressure 128 lbs. per sq. in.

The weight of the train, ascertained

with the greatest care, was 163.58 tons,

the particulars of which are given in the
tabular summary appended ; engine,

tender and carriages were all weighed
accurately on weighing machines.

Calculation of work done.—If calcu-

lated at the circumference of the driving
wheels, not in the cylinders, the work
done is exclusive of the engine friction,

and is given by the following formula

:

Work done=W

X

lXr+Wx h. Here W
= total weight of train, including engine
and tender = 163.58 tons = 366,419 lbs.

;

1= distance run=17.334 miles= 91,536

ft. ; ?'= coefficient of resistance =
in the present case, or 9f lbs. per ton

;

A= height of train's ascent=1, 709ft. The

choice of the coefficient ^^t~k will be

explained further on. Substituting the

foregoing values

—

Work done = 366,400 X (91,536X^--
Ao'A.o

+ 1709)

= 366,400 x (394 + 1709)

= 770,600,000 foot pounds.

Of this work the portion due to the re-

sistance on a level amounts to only

394—

—

=—„ or barely one-fifth, while grav-
394 + 1709

J ' &

ity absorbs the remaining four-fifths.

Hence an error of as much as 10 per

cent, in the coefficient of resistance occa-

sions only 2 per cent, error in the cal-

culation of the work ; while even 20 per

cent, error in the coefficient causes only

4 per cent, error in the result. Although,

therefore, the coefficient here taken of

* may be open to criticism, it is clear

that it may be considerably modified with-

out sensibly affecting the calculation of

the work done. This constitutes the

principle on which the author's trials

have been based ; whereby he has been
enabled to arrive at an accurate deter-
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urination of the work done, without the

use of either indicator or dynamometer
of any kind. The only objection to the

method is that it applies only to moder-
ate speeds, inasmuch as high speeds
would be dangerous on the curves of a

mountain line.

Consumption of fuel.—To ascertain

correctly the consumption of fuel the au-

thor employed a different method from
that ordinarily followed in locomotive

trials. The general plan is, after light-

ing the fire and getting up steam, to note

the pressure shown by the gauge, and
the height of the water level, and to

estimate the quantity of coal then on
the grate. The trial is then made, and
is so arranged as to end with the same
pressure and water-level as at starting,

and the coal remaining on the grate is

again estimated. The correct consump-
tion is arrived at by measuring the quan-
tity consumed on the journey, adding
what was on the grate at starting, and
subtracting what remains at the end.

Unfortunately it is impossible to deter-

mine correctly the quantity of burning
fuel on the grate ; and in consequence
the calculated consumption almost al-

ways involves a serious error. This is

one cause of the discrepancies met with
in statements of fuel consumption. In
the author's trials the above source of

error has been completely avoided by
the following mode of procedure. The
engine tried had already made one jour-

ney that morning, so that it was in

steam, with a pressure of 46 lbs. per
square inch, before lighting the fire for

the experimental trip. The water-level

was 5.l6in. above the mean line. The
fire-grate was cleared of every particle of

fuel from the previous journey. The
tender was loaded with one ton, or 2,205
lbs., of Anzin patent fuel in bricks, and
119 lbs. of wood was served out for

lighting the fire. The wood was in-

cluded as fuel in reckoning the actual

consumption, and was taken as equivalent

to not more than 44 lbs. of coal ; the

total supply of coal would therefore be
2,249 lbs. Steam was quickly got up,

and shortly afterwards the engine was
coupled to the train in St. Jean de Mau-
rienne station, and proceeded thence up
the incline to modine. The trip was
made with the engine working in the
ordinary way, with 128 lbs. of steam, cut

Vol. XXXI.—No. 6—33

off at 19 per cent, of the stroke. Pro-
fessor Hirsch, and M. Bazire, of the loco-

motive department, accompanied the au-

thor on the engine. The firing was so

managed as to have no coal at all left on
the grate on reaching Modane. The
steam pressure was then found to be 20
lbs. per square inch, and the water-level

4.49in. below the mean ; the datum level

in the locomotives of the Lyons Railway
being not the -actual low-water line, but
a mean level below which the water may
fall without danger*. The water-gauge
was of course observed while the engine
was on the level portion of the line in

the station, the line running level through
every station on this railway. The coal

remaining in the tender weighed 1,133
lbs., which would show a consumption of

2,249-1,133= 1,116 lbs., if the boiler

had been in exactly the same state after

the trip as before ; but no skill could
succeed in securing the same steam
pressure and the same water level as on
lighting the fire. A slight correction has
"therefore to be made in the coal con-

sumption, to allow for the difference in

quantity of heat contained in the boiler

before and after the trip.

Correction for difference of heat in
boiler.—Calculating first the quantity of

heat contained in the boiler on lighting

the fire, and secondly, the heat remaining
in it after the trip, the difference convert-

ed into pounds of coal will be the correc-

tion to be made in the weighed consump-
tion of 1,116 lbs., to give the true con-

sumption. Firstly, at the time of lighting

the lire, when the water-gauge stood at

5.16in. above datum, the quantity of

water in the boiler would be 1,571 gal-

lons, or 251 cubic feet, as ascertained

from the dimensions given in the tabular

summary appended. The temperature
corresponding with the steam pressure
of 46 lbs. is 293 deg. Fah. The weight
of water, therefore, allowing for its ex-

pansion, would be 14 506 lbs. ; and this,

at the temperature of 293 deg. Fah.,

would contain 3,436,000 heat units, reck-

oning from the temperature of the air at

the time, which was 59 deg. Fah. The
metal of the boiler, weighing about 20
tons, would contain about 1,175,000 heat
units. The heat in the steam may be
neglected. Hence the total quantity of

heat contained in the boiler at the time
of lighting the fire, above the air tern-
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perature of 50 deg. Fab., would be 4,611,-

000 units. Secondly, tbe beat remaining
in tbe boiler after tbe trip, estimated in

tbe same manner, would amount to

3,143,000 units. Tbe difference, or 1,468,-

000 units, is therefore tbe additional beat

expended during tbe trip. As tbe weight

of dry steam generated per pound of

coal consumed was found to be S.08 lbs.,

and as each pound of steam at the press-

ure of 128 lbs. per square inch contains

1,169 heat units above this feed-water

temperature of 59 deg. Fab., the boiler

would produce, in practice, 8.08x1,169
= 9,445 heat units per pound of coal.

The additional expenditure of 1,468,000

heat units during tbe trip is therefore

equivalent to 155 lbs of coal, which,

added to the weighed consumption, gives

1,271 lbs. as the true consumption of

coal for the trip.

Consumption, of fuel per effective

horse-power per hour.—Tbe work clone,

corresponding with the above consump-
tion of 1,271 lbs. was 770,600,000 foot-

pounds. Hence the coal consumption
per horse-power per hour was

33,000x60x1,271

770,600,000
:327 lbs.

the work being the effective work, i. e.,

that measured at tbe circumference of

the driving wheels. Throughout the

foregoing calculation, the only coefficient

open to dispute is that of the train resist-
i

ance, which has been taken at
232.5

;
but

it has been seen that even a considerable

percentage of error in this coefficient

would involve no appreciable error in

the final result of 3.27 lbs. consumption
per effective horse-power per hour. To
get at the consumption per indicated

horse-power per hour, it is only neces-

sary to deduct tbe proper allowance for

the engine friction ; which has been
found, in careful experiments made by
the writer's father, to absorb at least 12
per cent, of the indicated power, when
the engine is in perfect working order.

Hence the corresponding consumption
per indicated horse-power per hour would

be 3.27 x

—

y?u)
—= 2 -88 lbs

-
as a maxi "

mum.
Consumption of water and production

of dry steam.— The consumption of

water on the trip, from the tender and
from the boiler, was measured with the
greatest care, allowing for expansion of

the water in the boiler. It was found to

amount to 11,290 lbs., or 8.88 lbs. per
lb. of fuel. Deducting 9 per cent, for

priming, the weight of dry steam pro-

duced would be 8. OS lbs. per lb. of

fuel.

Nature of fuel— Samples carefully

analyzed of the Anzin patent fuel, which
was used in the trip, showed 6.9 per
cent, of ash, and 1 per cent, of moisture.
The heating power was found to be 14,-

600 units per lb. It was ascertained by
means of apparatus specially made for

the purpose, similar to that used by
Ebelman, Fabre, Silbermann and Berthe-
lot, in their experiments on the heating
power of fuel. It consists of a glass

phial, within which a powdered sample
of the fuel, placed in a crucible, is burnt
in a current of oxygen ; the phial is im-

mersed in a measured quantity of water,

and the rise of temperature in the water
indicates the heat developed by the com-
bustion of tbe sample. Cardiff coal was
tried in the same way by tbe author, and
gave the same beating power ; a direct

comparison can therefore be made be-

tween the experimental trip and any
English trials with Cardiff coal. The
Anzin patent fuel is in fact composed of

91 per cent, of slack, of tbe same qual-

ity as Cardiff coal, and 9 per cent, of

coal pitch, the heating power of which
has been found by tbe writer to be equal

to that of ordinary coal.

Remarks.—During the experiment, the

admission of steam to the cylinders was
for 19 per cent, of the stroke, the steam
in the waste spaces being included. The
valve gear was tested by Professor
Hirsch himself. The locomotive bad not
been repaired for a long time. It may
be objected that the driver probably
looked after the fire much more closely

than usual, being stimulated by the

presence of the engineers. This may be,

but, on the other side, tbe following cir-

cumstances were unfavorable to economy
of fuel : (1) During the firing up, the

locomotive gave out some heat to the

atmosphere as usual ; this loss of beat

was equivalent to about 29 lbs. of fuel,

according to an experiment made for

that special purpose. (2; In the last few

[
minutes of tbe trial, the engine was run-
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ning with a very low pressure, which was
necessary in order to arrive at Modane
without any fuel on the fire-grate ; hence
the engine was working during these

minutes in unfavorable circumstances.

Experiments made the 20th and 2\st

July. 1882.—-The author, with Professor

Hirsh, made two other experiments of

the same kind as the first : on the 20th

July, with patent fuel from the Grand
Combe in the Gard coal basin, and on the

21st July, with patent fuel from La
Chazotte in the Loire basin. The re-

sults were almost exactly the same
as before. A tabular summary of

the three experiments is appended in

which all the figures may be seen at a

glance. The experiments were all made
with the same driver, the same engine,

and the same kind of train. It will be
noted that they were made in July, that

is to say in the middle of summer. In
winter the consumption of fuel is about
10 to 15 per cent higher, on account of

the loss of heat to the atmosphere. The
author considers that this loss of heat
might be diminished if the clothing of

the boiler were better—a point which as-

suredly is susceptible of improvement,
especially for cold countries.

Conclusions.—The author has proved
that with a good locomotive and a good
driver the consumption of fuel and water
is as follows :

Consumption of fuel per effective horse-
power per hour 3.27 lbs.

Consumption of fuel per indicated
horse-power per hour 2.88 lbs.

Ratio of consumption of water to con-
sumption of fuel. . 8.88

Ratio of dry steam produced to fuel
consumed 8.08

Professor Hirsch attributes these sat-

isfactory results to the following causes
;

(1) The total heating surface of the boil-

er is very large compared to the grate

surface—96 to 1—so that the boiler ab-

sorbs the heat of the gases very com-
pletely

; (2) the cylinders of the locomo-
tive are very large—according to the late

M. Marie's system—so that the grade of

expansion is high
; (3) the locomotive

was very well looked after, which is an
important point in economy of fuel. The
author may also refer to some experi-

ments made by M. Regray, chief engi-

neer of the Eastern Railway of France
;

they were made with an indicator on a

new system, giving diagrams at the high-

est speeds without the errors of the or-

dinary indicator. M. Regray, on this

system, takes the diagrams at some dis-

tance away from the locomotive itself

;

the indicator is in a special van, with
several dynamometers, speed indicators,

&c. This van was shown at the Electric

Exhibition in Paris, and obtained one of

the highest prizes.

M. Regray made a few experiments
on consumption of fuel in express en-

gines hauling express trains ; the result

was 3.01 lbs. per indicated horse power
as an average, and 2.48 lbs. as the mini-

mum. This is a very satisfactory verifi-

cation of the author's result, viz., 2.88

lbs. per indicated horse-power. It is im-
portant to notice that these very close re-

sults have been arrived at by two meth-
ods as different as they could possibly be.

The fuel employed in M. Regray's experi-

ments was not patent fuel, but ordinary
small coal from Bascoup, in Belgium.
These satisfactory results confirm what
the author's father always maintained,
namely, that locomotive engineers ought
to use large heating surfaces and large

cylinders ; he always built his own loco-

motives by that rule.

The author has thus endeavored to

prove that locomotives are not so imper-
fect as engineers generally believe, as re-

gards economy of fuel. Assuredly the

locomotive is a very simple form of en-

gine ; but simplicity is of great impor-
tance with the very high piston-speed of

locomotives. That speed, however, is

very favorable to economy in fuel—con-

trary to the opinion of some engineers

—

because it diminishes the leakage of

steam and the condensation of steam
during admission. A locomotive work-
ing witb a very slow piston speed is not
so economical as with a high speed. Ex-
press engines give better results than
mountain engines, as is seen by M. Re-
gray's experiments, where the consump-
tion attained the very low figure of 2.18

lbs. per indicated horse-power under the

best circumstances.

The author has no intention of imply-

ing that locomotives will not be improved
—in fact, he proposes to indicate far-

ther on the probable directions of im-

provement ; but before abandoning the

ordinary system, he thought it would be
interesting to make exact experiments,
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Tabular Summary of Experiments.

Items of experiments.

Total distance run by train

Ratio of resistance on level to weight of train.

Difference of level of the two stations

Weight of engine and tender (not loaded).
Weight of carriages and vans (not loaded).

Weight of the load on engine and tender.

.

Weight of passengers and men
Weight of goods

Total weight of train

.

eoor i^ .Q I—i 5 '

f Patent fuel and fagots loaded on
tender

Pressure in boiler ( above atmos-
pheric pressure)

Height of water in boiler ( above
water-line)

.5 a

* o

<3

Fuel remaining on tender
Pressure in boiler ( above atmospheric

pressure )

<( Height in water in boiler (above or
under water-line )

|
Depth of water withdrawn from tanks

[_ during the experiment

Weight of metal in boiler

Capacity of boiler, water being at water-line,

Diameter of cylindrical shell

Total length of boiler

Distance from water-line to top of boiler
Horizontal surface of tanks in tender

Units.

foot

ratio

foot

lbs.

lbs.

lbs. per sq. in.

inch

lbs.

lbs. per sq. in.

inch

inch

lbs.

cubic foot

foot
foot

foot

square foot

18th July.

Patent fuel

Anzin.

91,536
1

232.5
1,709

125,076
204,800
21,614
7,409
4,575

366,474

2,249

46.28

+5.16

1,133

19.65

-4.49

19.38

44,100
217.4

4.92
22.31

0.984
73.59

20th July.

Patent fuel

Grand'
Combe.

232.5

1,709

125,076
225,285
24,738
5,711

4,264

385,074

2,251

21.36

+5.24

966

21.36

+0.82

27.30

44,100
217.4

4.92

22.31

0.984
73.59

21st July.

Patent fuel

LaChazotte.

125,076
176,212
26,422
4,785
3,149

335,614

2,249

18.23

5.08

1,158

7.83

-4.73

17.38

44,100
217.4

4.92
22.31

0.984
73.59

giving- the consumption of fuel per horse-

power. Comparative tests with the va-

rious kinds of new locomotives ought
to be made, and with the same accuracy.

Unfortunately different drivers, working
in the same circumstances and with the
same kind of locomotive, show consump-
tions of fuel varying by from 10 to 20
per cent., according to their skill. This
is a serious difficulty in making such com-
parisons between various systems of lo-

comotive.

Comparison of 'practical results as to

consumption with theoretical results.—
The author will now compare the practi-

cal results in consumption of fuel with

the theoretical results given by thermo-
dynamics. This will give the measure
of the improvement which remains to be
made as regards the economy of fuel.

Efficiency of boiler.—We have seen

that the boiler gives 8.08 lbs. of dry
steam for 1 lb. of coal, at 128 lbs. per

square inch pressure. Now, 1 lb. of

water at 59 deg. Fah. requires 1169 units

of heat to make 1 lb. of dry steam at 128
lbs. pressure. Thus, the boiler absorbs

8.08x1169= 9445 units of heat for each

pound of fuel, whose calorific power is

14,600 units, as stated above. The effi-
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Tabulae Summaey of Experiments (continued).

Items of interest.

Work of locomotive measured at circumfer-

ence of driving wheels
Apparent consumption of fuel

r* C3 Q}

C !-> T O
<eU2 a a
<o o o*2

Volume of water in boiler

Temperature of water in boiler.

Weight of water in boiler

Units of heat in water
Units of heat in metal
Units of heat in boiler, total. . .

.

" Volume of water in boiler ,

Temperature of water in boiler

Weight of water in boiler ,

Units of heat in water ,

Units of heat in metal
Units of heat in boiler, total

Loss in units of heat
Corresponding weight of fuel

True consumption of fuel

Consumption of fuel per effective H. P. per
hour

Consumption of fuel per indicated H. P
hour

per

Weight of water lost by tender
Weight of water lost by boiler
Total consumption of water
Total consumption of water per lb. of fuel.

Weight of dry steam per lb. of fuel
Ash in fuel

Moisture in fuel

Calorific power of fuel

Units.

foot-lbs.

lbs.

cubic feet

degs. Fah.
lbs.

British units

British units

British units

cubic feet

degs. Fah.
lbs.

British units

British units

British units

British units
lbs.

lbs.

per cent.

per cent.

British units

18th July.

Patent fuel

Anzin.

770,600,000

1,116

251.34
293°

14,509
3,436,000
1,175,000

4,611,000

182.40
257°

10,637
2,135,000
1,008,000
3,143,000

1,468,000
155

1,27-1

3.27

2.88

7,420
3,872

11,290

6.90

1.00

14,600

20th July.
|

21st July.

Patent fuel

Grand'
Combe.

810,100,000

1,286

252.04
261°

14,663
2,985,000
1,012,000

3,997,000

223.41
261°

13,031
2,652,000
1,024,000
3,676,000

321,000
33

1,319

3.22

2.84

10,449
1,632

12,081
9.15

8.32
9.70

1.30

14,400

Patent fuel

La Chazotte.

705,900,000

1,094

250.98
255°

14,652
2,901,000
988,000

3,889,000

180.64
232°

10,703
1,885,000
885,000

2,770,000

1,119,000
123

1,217

3.40

2.99

6.650

3,949

10,599
8.68
7.90
9.60
1.10

13,700

9445
ciency of the boiler is, therefore, „ . „nn=J '

' 14,600
0.65. That is to say, the boiler utilizes

in practice 65 per cent, of the heat given
out by the combustion of the fuel, and
loses 100—65= 35 per cent. This loss

is due to the following causes : (1) Loss
of heat contained in the gases escaping
at the chimney

; (2) loss of heat by con-
duction to the atmosphere

; (3) loss of

heat by the presence of some little air in

excess of that needed for combustion ;

(4) loss of heat by the escape of a small
portion of carbonic oxide not burned in-

to carbonic acid
; (5) several minor

causes. It is remarkable that the total

loss of heat should be only 35 per cent,

with so many causes of waste. One of

the best improvements that can be ap-

plied to locomotives is the heating of the
feed water with the exhaust steam. MM.
Kirchweger, Mazza, Chiazzari, and Sort-
ing have designed several apparatus for

that purpose. None of them have been
a practical success, but the author hopes
the want will be supplied before long.

Efficiency of the locomotive - boiler

and engine together.—The quantity of

work which a steam-engine can theoreti-
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cally give out for one unit of heat* de-

pends— (1) On the temperature corre-

sponding to the boiler pressure
; (2) on

the temperature of the condenser. The
maximum of work in foot pounds given

T 1 — T 2

by one unit of heat is 772 X-=;

—

,„.. n •

J
i

1 + 461.2

Here 772 foot-pounds is the mechanical
equivalent of heat; T 1

is the temperature
Fah. corresponding to the boiler press-

ure ; T 2
is the temperature Fah. of the

condenser, which in steam engines with-

out condensation, is the temperature of

boiling water ; 461.2 is the number of

degrees below Fah. zero of the absolute

zero of thermo -dynamics. Applied to

the present case of the locomotive, the
356-212

formula gives 772 X^—^-^= 136.

That is to say, under such conditions, a

theoretical steam engine would give 136
foot-pounds of work for one unit of

heat. In practice we have seen that the

locomotive gives 1 indicated horse-power
per hour, or 1,980,000 foot-pounds for

2.88 lbs. of fuel, giving 2.88x14,600=
42,450 units of heat. Thus the locomo-
tive—boiler and engine—gives practically

1,980,000 _. .—————=46.6 toot-pounds tor one unit
42,450

of heat. The efficiency of the loco-

motive—boiler and engine—is, therefore,

SH-
Efficiency of engine alone.—The ef-

ficiency of the engine alone is clearly

35
equal to =0.54. That is to say, the

mechanism of the locomotive, receiving

steam and giving out work, gives 54 per
cent of the work which a theoretically per-

fect engine should give in the same cir-

cumstances. The loss of work is 100—
54=46 per cent. This is due to the fol-

lowing causes : (1) Loss of work from
the expansion of steam in the cylinders

not being quite complete. (2) Throttling

the steam, on entering or leaving the cyl-

inders. (3) Back pressure of the steam
during the return stroke. (4) Imperfec-
tion of the valve motion. (5) Condensa-
tion of steam during admission. (6)

Leakages of steam, and several minor
causes. Such are the many causes of

* See " A Manual of the Steam Engine and other
Prime Movers," by W. J. Macquorn Rankine. Lon-
don, 1876, p. 343.

the loss of work in the engine proper.
The resulting efficiency of 54 per cent, is

assuredly not so good as the efficiency

of the boiler, which is 65 per cent. ; still

a loss of 46 per cent, is not very remark-
able where so many causes contribute to

produce it.

Comparison with a Corliss engine.—
The author made a similar investigation

with reference to a boiler and engine on
the Corliss system, with condensation.
The power was measured by an indica-

tor ; the consumption of fuel was also

measured, and the results were as fol-

lows : Pressure in boiler, 5.5 atmos-
pheres ; temperature, 313 cleg. F.

;
press-

ure in condenser, 0.9 atmospheres ; tem-
perature, 1 11 deg. F. ; consumption of

fuel per 1 H. P., 2.01 lbs. per hour ; ratio

of dry steam evaporated to fuel con-

sumed, 9.5 ; calorific power of fuel,

14,500. The efficiency of the boiler and
of the engine, compared with the theo-

retical results of thermo-dynamics, has

been calculated, with the following re-

sults : Efficiency of boiler, 64 per cent.
;

efficiency of mechanism done, 53 per
cent. These results are almost exactly

the same as with locomotives, which
give, as we have seen : Efficiency of

boiler, 65 per cent. ; efficiency of mechan-
ism, 54 per cent. That is to say, the lo-

comotive, compared with a theoretically

perfect locomotive, is quite as good as a

Corliss condensing engine compared with

a theoretically perfect engine working as

a Corliss engine. The author concludes

that the locomotive is not so bad as en-

gineers generally believe as regards

economy of fuel. The general conclu-

sion is that locomotives are not capable

of much improvement as regards the

economy of fuel, unless the pressure in

the boiler can be increased. When the

improvements in material and construc-

tion will allow the use of higher press-

ures, then a notable economy will be

easily obtained in proportion to the in-

crease in the value of the expression

T —T
m 1

.
°,

. But in that case the author
T

t
+461.2

considers it will be necessary to employ
compound cylinders, or more complicated

valve gear in order to obtain the best

utilization and highest expansion of the

steam. In concluding this paper, he
wishes to add his tribute of admiration

to those English engineers who have
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done so much for the existence and im-

provement of railways. To George
Stephenson we owe the locomotive in

its present form, the excellence of which,

as regards the economy of fuel, is still

worthy of admiration, while another
eminent English engineer, Mr. Webb, is

now carrying out a remarkable series of

experiments, with the view of bringing it

to its greatest possible degree of perfec-

tion. Having received from Mr. Webb
himself details of his compound locomo-
tive, which he has also had the pleasure

of seeing at Crewe, the author is led to

add here the few observations that have
occurred to him in regard to this new
kind of locomotive. If the boiler press-

ure be not higher than in ordinary loco-

motives, the author thinks the economy
of fuel cannot be greater in the com-
pound engine than in the best ordinary

locomotives. With the ordinary boiler

pressure of 9 atm., or 135 lbs. per square

inch, the ordinary valve gear gives ex-

pansion enough, provided the cylinders

be large enough, which is not always the

case. The compound system lessens the

injurious effect of the clearance spaces,

and also diminishes the condensation of

the steam during admission ; but these

two advantages are neutralized by the

disadvantage of the steam being throttled

in its passage from the first cylinder to

the second, especially at high speeds. In
other words, the consumption of fuel in

a compound engine could not, in the au-

thor's opinion, bemuch lower than that giv-
en in the present paper, the boiler pressure

being the same. This point would be read-

ily settled by a few experiments on the

consumption of fuel per horse-power per
hour in the compound locomotive, includ-

ing lighting up. The particular locomo-
tives of ordinary class, with which the

compound engine has been compared by
Mr. Webb, appear to the author to be
somewhat too heavily loaded for the best

economy, their cylinders being smaller

than those of the express locomotives

on the Paris and Lyons Railway, which
have cylinders of 19.7 in. diameter, and
24.4 in. stroke, with 6 ft. 6 in. driving-

wheels. . Fuel being very expensive on
this line, the author's father always made
his engines heavy, but very economi-
cal ; and these express engines, which
were designed by him and built at the

works of the Paris and Lyons Railway,

and of Messrs. Sharpe, Stewart & Co.,

are some of the most economical loco-

motives there are. The author has, in-

deed, made experiments, in which—on
the same kind of line, and at the same
speed, and with the same total weight
of train-—the consumption of fuel was
almost exactly the same as in the latest

experiments with the compound locomo-
tive ; but he cannot look upon such a

comparison as of great value, because it

is impossible to estimate precisely the

difference of circumstances in the two
cases. The further experiments he has
suggested with the compound engine

seem, therefore, to be needed for a fair

comparison. In his own experiments
the author has found 9 atm., or 135 lbs.

per square inch, to be the maximum
boiler pressure for obtaining good ex-

pansion with ordinary valve gear and
with cylinders of ordinary size. With
higher pressures, either better valve gear
must be employed, or the compound sys-

tem ; and the latter is considered de-

cidedly preferable by the author, who has

shown that great economy of fuel can be
obtained with a higher boiler pressure.

In the compound locomotive the boiler

is very light and very strong ; and the

author looks forward to the pressure of

steam being yet farther increased dur-

ing the next few years, without making
the engine too heavy for the rails. It

will then be a necessity to adopt the com-
pound system for obtaining good expan-

sion ; and the compound locomotive,

without being too heavy, will then un-

questionably be much more economical

than ordinary engines could be, and will

be well adapted for high speeds. Goods
engines of the ordinary kind are not so

economical in consumption per horse-

power per hour as express engines ; and
the author anticipates, therefore, even

better results from the compound system

in goods engines than have been obtained

with express locomotives. The com-
pound system with yet higher boiler

pressure, will thus, in his opinion, turn

out to be the greatest improvement in

locomotives since the time of Stephen-

Anew first-class Thornycroft torpedo boat,

for the German Government, made the

passage to Kiel, from London in fifty-two hours.
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STORAGE BATTERIES.
From "Nature.

The importance and desirability of an
efficient and economical storage battery

have been very widely recognized, but it

is at the present time pretty generally

felt that no existing form of storage bat-

tery is perfect, and that they are on the

whole extravagant and wasteful to an ex-

tent sufficient to more than compensate
for their undeniable convenience. It is

perfectly certain that their employment
has not become at all general, and that

they have failed to realize the somewhat
sanguine hopes of their early promot-
ers.

It seems worth while to examine into

the causes of this partial failure, and to

inquire how far the evil opinion held by
many practical men concerning our pres-

ent method of storing electrical energy
is justifiable.

One of the main objections is that

storage involves a loss of some 50 per
cent, of the whole. Now all methods
of storing and transmitting energy in-

volve some loss. To say that any par-

ticular method involves a loss of 50 or

even 90 per cent, is not to condemn it

utterly. There are many cases when
the convenience of storage outweighs
the evil of waste altogether ; three prin-

cipal ones may be specified.

(1) When the power of the source
would be otherwise so completely wasted
that every fraction of it stored is clear

gain. This is the case of much terrestrial

water power. The energy of the tides or

of Niagara is enormous, and wholly
wasted so far as human activity is con-

cerned ; if 50 or even 10 per cent, could
be stored in such a way as to be conve-
niently available, it would be of consider-

able value, and any arrangement capable
of effecting this storage could only with
injustice be stigmatized as wasteful. The
solar energy of the Carboniferous epoch
has most of it been wasted ; but a small
fraction—probably not a millionth per
cent.—has been saved and stored in the
Coal-measures. It is possible to abuse
the coal for not having stored more, but
we find it a useful modicum neverthe-
less.

(2) A second case when the advantage
of storage over-balances the loss is when
regularity and continuity of supply is

needed, and when the source is irregular

and fitful. Wind and wave power illus-

trate this kind of source ; it is manifest
that wind power has not been so largely

used as it would have been, had it been
steady and dependable. A practicable

method of storing up its energy and
giving it out as wanted would gradually

cause it to be very largely employed.
This case is also illustrated faintly by a

gas-engine or jerky motor of any kind,

and the regularity and dependableness of

a storage cistern may very well make it

desirable to put up with some waste pro-

vided it be not excessive. Mechanical
devices for approximating to regularity,

such as the use of slack driving belts,

undoubtedly give rise to a waste of

power, and so does any form of regulator.

But in the utilization of artificial forms
of power like this, questions of economy
become almost pre-eminent; and wasteful-

ness is here a most serious objection, and,

it may be, prohibitive defect. At the

same time, if the engine is liable to stop,

or if it is not always working, some mode
of storing energy may be absolutely nec-

essary, whether wasteful or not.

(3) Another case, and to some extent

the converse of the last, is when the

available source is weak, though con-

tinuous, while the power is only needed
for a short time, but during that time is

required to be great. This is exemplified

in the operation of pile- driving, where
energy is stored in the slowly-raised

weight to be suddenly expended on the

head of the pile, also in the operation of

drawing a bow ; or again, when a small

waterfall or steam-engine, running con-

tinuously, is to be utilized for lighting

during five or six hours each day ; the

obviously right plan in such circum-
stances as these is to store the energy
during the hours it is not wanted, and
thus virtually to double or treble the

power of the source while it is actually

in use. Unless, however, the loss occa-

sioned by storage were reasonably small,.
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there would be but small gain in attempt-

ing- the process in this third case.

It is plainly advantageous to devise a

method of storing that shall give out

the greater part of what is put in ; but
we see by these examples that a reason-

able loss may be more than compensated
by convenience, regularity, availability

and dependableness. Again, when en-

ergy has to be transmitted over great

distances, it is in practice difficult or

impossible to make the expenditure of

energy at one end depend upon and be
regulated by its consumption at the

other ; and so, without some system of

storage, great waste will ensue during
intervals of small consumption. Look-
ing to the immense development which
the transmission of energy may be ex-

pected to undergo in the course of the

next few decades, a convenient and man-
ageable method of receiving large quan-
tities of transmitted energy, and of hold-

ing it in readiness until wanted, must be
of prime importance.

It was in view of such applications as

these that the invention of the storage

by Faure was hailed with enthusiasm by
the highest scientific authority in Great
Britain ; while the public, jumping to

the conclusion that a thing for which so

many uses could be instantly found must
needs be a profitable investment, hast-

ened to provide money, not for com-
mencing careful experiments and per-

fecting the arrangement, which would
have been wise, but for manufacturing
tons of apparatus in its first crude, im-

mature, and untried form. Some day it

may perhaps be recognized that because
it can be shown that a thing will be ex-

tremely useful when perfect it does not
follow that it has already attained that

perfection, that indeed probabilities based
on historical developments are enor-

mously against such abnormal and in-

stantaneous maturity, and that the care-

ful nursing and rearing necessary to

healthy maturity are better given in the

seclusion of laboratory and study than
in the excited and heated atmosphere of

the Stock Exchange. It is doubtless

recognized already that all preliminary

operations are better conducted on a

scale smaller than the wholesale manu-
facturing one. In developing a new
industry there are scientific difficulties

to be overcome, and there are manufac-

turing difficulties. By scientific diffi-

culties we mean such as the determina-
tion of weak points, the best ways of

strengthening them, and general y the

discovery of theoretically the best modes
of effecting the object in view; manu-

,

facturing difficulties begin with questions

of expediency and economy—how most
cheaply and satisfactorily to carry out
the indications of theory, to obtain this

or that material—and include the organ-
ization of a system of manufacture, of

division of labor, of machine tools, which
shall enable the work to be done with
economy, security and despatch. Over-
haste in the preliminary stages causes
both these sets of difficulties to be
tackled together, and so throws a griev-

ous burden on both adviser and manager.
All these untoward conditions have
storage batteries experienced ; and to

say they have not fulfilled the hopes of

their early promoters is no more than
to say that those hopes were untimely
and unreasonable, The period of ma-
turity has been undoubtedly delayed by
injudicious treatment, but its ultimate

attainment seems to us inevitable ; and it

is at present a matter of opinion how
nearly it has already been reached-

—

certainly great steps towards it have
been made. Let us inquire what some
of the difficulties encountered have been,
and it will be seen that, formidable as
some of them are, they belong essential-

ly to an infantile stage, and are not sug-

gestive of constitutional debility.

The first form of manufacture con-
sisted in rolling up sheets of lead and
composition, with trousering to keep
them separate. The difficulties found
were that the coatings would not ad-

here, but became detached in large

flakes ; that the trousering got corroded
through and permitted short circuiting -

y

and that free circulation of fluid being
impossible, the acid became exhausted
in some places and concentrated at others,

and thus every sort of irregularity be-

gan. Now regularity or uniformity is of

the most vital and fundamental import-
ance in any form of battery. If any part

of a plate is inactive, that part is better

away ; if any plate in a cell is inactive, it

is better away ; and if any cells of a bat-

tery are inactive, they are infinitely better

away. The rolling or coiling up of the
sheets being found awkward in practice



482 VAN NOSTEAND'S ENGINEERING MAGAZINE.

and liable to detach the coatings, flat

plates came to be used, then perforated

plates, and then cast grids ; these last

having such large hole space that they
held enough composition, and held it se-

curely enough, to enable the trousering

or intermediate porous material to be
dispensed with. This was an evident
step in advance : free circulation of the

liquid became possible, and could be as-

sisted by stirring ; there was nothing to

corrode except the plates themselves,

and the composition, being in the cells

or holes of the grid, might be reasonably
expected to adhere. So far expectation

was not altogether belied. The adhesion
was not perfect, it was true, and pieces

of composition sometimes fell out of

the holes, especially if too powerful cur-

rents were passed through the cell, but
still it was much better than it had been;
and if the plates were well filled, prop-
erly formed, and fairly treated, the com-
position adhered extremely well and se-

curely. The circulation of the liquid was
not automatically perfect either, but me-
chanical agitation could be readily ap-

plied ; without it the acid near the bot-

tom of the cells tended to become more
concentrated than that near the top, not by
reason of gravitation undoing diffusion,

which is impossible, but because during
each charging fresh acid is formed, and
in great part falls to the bottom in visible

streams. Another great advantage was
that some amount of inspection of the
plates became possible, and experience
as to the actual behavior and appearance
of the plates, began to be accumulated.
And painfully varied that experience
was. Every variety of extraordinary be-

havior which could be suggested as prob-
able, and a good many which no one
could possibly have imagined beforehand,
made their appearance. The hundreds
of tons of batteries made at this period
doubtless enabled these unpleasant ex-

periences to be more rapidly acquired
than would have been done on a small
scale, but it was a costly series of experi-

ments. However, the experiments were
made, the public involuntarily assisted
in the acquisition of experience, and, car-

ing less for knowledge than for market-
able commodities, they expressed dis-

satisfaction at the result. Many of these
incipient difficulties are now overcome by
the manufacturers, but the great dislike

of the public to involuntary experiments,
and the shock which their confidence
underwent on being unexpectedly called

upon to participate in research, have not
yet altogether abated.

The main difficulty now experienced
was how to keep the plates from touch-
ing. They might be put in wooden
frames, or elastic bands might be
stretched round each of them, and if

they would only keep flat it was impos-
sible they should touch unless the com-
position should drop out of the holes.

Sometimes the composition did drop out
of a hole, and bridge across the interval

between two plates, but the more com-
mon and more fatal experience was that

the plates would not keep straight. In a

few months the positives were found to

swell, and as they swelled to buckle—to

buckle and twist into every variety of

form, so that elastic bands, wooden
frames, and every other contrivance failed

altogether to prevent short circuiting.

The cause of the buckling is, of course,

irregular and one-sided swelling, and the

cause of the swelling is apparently the

gradual peroxidation and sulphating of

the material of the bars of the lead grid,

which occupy less room as metallic lead

than as oxide or salt. As the bars swell,

they press on the inclosed composition,

occasionally driving it out, but more .fre-

quently, and with properlymade and treat-

ed plates universally, distending them-
selves and stretching the whole medial
portion of the plate. The edge or frame of

the grid is stronger than the middle bars,

and is not so easily stretched ; in a good
and uniformly worked plate it does stretch,

and an old positive plate is some quarter

of an inch bigger every way that a new
one, but if one face of the plate is a

trifle more active than the other, it is very

plain that the most active side will tend
to become convex ? and buckling once
begun very easily goes on. To cure it

two opposite plans have been tried : one
is to leave the plates as free and uncon-
strained as possible, hanging free, it may
be, from two points, thin, and with crink-

led or crimped mai'gins to allow for ex-

pansion ; the other is to make them thick

and strong, with plentiful ribs for stiff-

ness, and besides to clamp them up one
to another as tightly as may be, and thus

in mechanical ways to resist buckling and
distortion. I do not know that any one
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could say for certain beforehand which
of these two plans would be likely to

answer best, but practice is beginning to

reply in favor of the latter, and well

braced plates of fair thickness show no
unmanageable tendency to buckle. It

must be remembered that no material

can buckle with a force greater than
that necessary to restore it to flatness,

and this force in the case of lead is very
moderate. Hence it may be fairly hoped
to overcome and restrain all exuber-
ances by suitable clamps and guides ar-

ranged so as to permit flat and even
growth, but to check all lateral warpings
and excrescences.

Uniformity of action is still essential,

esjaecially if all the plates in a cell are

clamped together. Plates mechanically
treated alike ought to be electrically so

treated also, and it is impossible to keep
a set of plates working satisfactorily to-

gether unless the contact of each is

thoroughly and equally good, so that

each may receive its fair share of cur-

rent. Defects of contact have been a
fruitful source of breakdown and irregu-

larity.- Clamps and screws of every
variety have been tried, but the insidious

corroding action of nascent oxygen ex-

erted through the film of acid which by
spray and creeping forms and concen-
trates on the lugs—this corroding action
crawls between the clamped surfaces,

gradually destroys all perfect contact,

and something produces almost complete
insulation. Contacts on the negative
plates give but little trouble ; contacts on
the positives have taxed a great amount
of patience. Lead contacts "burned,"
i. e., melted, not soldered on, are evident-
ly less liable to corrosion than brass or
copper fittings, or than any form of

clamp, but they are apt to be somewhat
clumsy if of sufficient conductivity, and
moreover they are awkward to undo
again, and somewhat troublesome to do.

However they have proved themselves so
decidedly the best that now no other
contacts will be used, and their re-intro-

duction has been followed by a marked
improvement in the behavior of the cells.

So long as contact with one plate was
better than with another, a thing quite
possible to happen without any differ-

ence being perceptible to the eye, so long
was it possible for one or two plates to

remain almost wholly inactive while an-

other one or two received far more than
their share of current, and became dis-

tended, warped, overcharged and ulti-

mately crumbled away. If one or two
plates in a cell are black, and giving off

torrents of gas, while the rest are brown
and idle-looking, it is pretty fan* evidence
of irregular and insufficient contact, or

else of some great discrepancy in the age
or make of the plates. This point also

is one that was not attended to in the

early stages of manufacture
;
plates were

made for stock, and cells were made up
with plates of all ages selected at ran-

dom from the store. Directly uniformity

is perceived to be essential, this is rec-

ognized as obviously bad. Plates in-

tended to work together should be of the

same age and make, and inasmuch as

keeping does not improve them, the best

plan is not to make for stock, but to keep
material ready, and then quickly make
up as wanted. Plates in work deteriorate

slowly, but they are wearing out in the

fulfillment of their proper function

;

plates in idleness deteriorate as quickly,

and they are rusting out in fulfillment of

no function at all. Worn-out plates,

however, are by no means valueless.

Lead material has a well-recognized

price, and if attention were given to the

subject, it is probable that decrepit and
useless plates might be made to yield a

very large percentage, if not the whole,

of their original lead. For it must be

remembered that plates deteriorate not

by waste but by accretion : an old plate

contains as much lead as a new one, but
it contains it with the addition of oxygen
and sulphion ; no longer a tenacious co-

herent frame, but a crumbling mass of

incoherent powder.
The age of plates is a point of vital

interest, though but little is known as to

the possibilities in this direction at pres-

ent. A year may be regarded as a fair

average age at the present time : but this

is a low rather than a high estimate.

Thick plates are found to last far longer

than thin, which is only natural when it

is remembered that the wearing out is

due to corrosion, that corrosion proceeds
mainly from the surface inwards, and
that the internal portions of a thick plate

are to a great extent protected by the

mass of superincumbent material. If it

can be shown, as we understand it can.

(1) that the cost of materials is far more
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than the cost of manufacture ; (2) that

the worn-out material has a market value

not incomparably less than the original
;

and (3) that the frequency with which
plates have to be renewed is not such as

to cause much inconvenience ; then we
hold that the first stage of the durability

difficulty has been overcome. Much
more may be hoped for in this direction

as experience increases, and it is not ex-

travagant to hope that a well-ribbed,

properly-clamped, and fairly-treated thick

plate may last as long as five years be-

fore it becomes disintegrated.

It is evident, however, that in a region
where pure experiment is pre-eminent,

and where the units of time are months
and years, instead of hours and days, the
accumulation of experience is a slow and
tedious process. "It is no use making
statements involving periods of five

years when no one has had the present
improved form in use for so much as six

months. Nevertheless it is possible to

see that the present cells are better than
their predecessors ; and as their prede-
cessors have lasted in good condition
for a year and more, it is not presumptu-
ous to indulge in well-founded hopes.
Many of the difficulties connected with
the early forms of battery were aggra-
vated by Utopian notions concerning in-

ternal resistance and compactness. The
internal resistance of a cell was so beauti-

fully small, that the manufacturers were
tempted to diminish it still further by
putting the plates far too close together.

An eighth or tenth of an inch interval is

well enough if the plates had been hard
rigid slabs of perfect flatness ; but it was
madness to pack flexible lead plates full

of composition certain to swell and liable

to drop out so near together as this.

Security and dependableness were sacri-

ficed to a natural desire for sudden and
Utopian perfection. We may hope that
these lessons have been profited by, and
that the manufacturers perceive that con-
fidence and security are the first condi-
tions of success, and that minutiae as to
the number of noughts before the sig-

nificant figures in the specification of re-

sistance begin, though those also are of
importance in their turn, are yet of
quite secondary consideration. Moreover,
this packing of the plates so closely did
not really do much to secure the result
desired ; the greater part of the resist-

ance of half run-down cells is not in the
liquid between the plates, but in the sur-

face or scum separating each plate, and
especially each negative plate, from the
liquid, aud hence putting the plates a safe

distance, say a quarter or one-third of an
inch apart, exerts an effect on the total

resistance which is certainly far more
than compensated by the ready oppor-
tunity thus afforded for access by both
sight and touch. The old opaque boxes
chock full of plates, with slight india-

rubber bands between them, were started

and left to Providence. No one could
see what went on, nor could one readily

get at anything to rectify what was
wrong. In the present glass boxes
properly arranged on accessible shelves

with only plugs or studs between the
plates, clear vision through the cell in

any direction is easy, and accidental ob-

struction not only very seldom occurs
but if it does it can without difficulty be
seen and removed. But it must be
granted that these boxes are less com-
pact than their predecessors, and for

some purposes, such as locomotion, com-
pactness is of the first importance. Most
true, for some purposes. It is not to

be supposed that one type of cell will

answer every possible demand. A dy-

namo to be highly efficient must have a
large and massive field magnet, but in

some places bulk and weight are fatal ob-
jections, and in these places smaller and
more compact dynamos may be more
suitable : something, however, must be
given up to secure the required lightness

and compactness, some sort of compro-
mise must be effected. Just so with cells :

we can point out what is theoretically

the best form, and this form may, for

large stationary electric light or power
installation, be actually the most suit-

able ; but we may also see that for boats,

for tramcars, and for fish torpedoes, some
very different and far more compact form
may be quite essential.

Efficiency, durability, economy, com-
pactness : it may not be possible to attain

all these at once—if it were, there would
be small room for discussion—but some-
times one and sometimes another will be
the pressing necessity, and manufacturers
of storage batteries, like manufacturers
of dynamos, must be prepared with
forms suited to various needs.

We have spoken mainly of difficulties
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connected with the positive plates, and
have said nothing concerning the nega-

tives. It is not that these are not sus-

cejitible of improvement, but their faults

have been of a less imperious and ob-

trusive nature. They are not perfect,

but they do fairly well, and there has

been little need to worry much about
them, until the extraordinary behavior of

positives had been taken in hand
and checked. The time is coming to at-

tend to these also. They fail not from
exuberance, but from inertness. As they

grow old, they do not swell, and warp,

and burst, and crumble, like the positives,

but they grow quietly hoary, and serene-

ly decay. The composition in a worn-
out negative consists of white sulphate

through and through, but the frame re-

mains intact, and it consequently never

falls to pieces, nor does it swell. Im-
purities in the acid used tell Upon a nega-

tive -plate—nitric acid is fatal. Acid
much too weak or very much too strong
is also deleterious, and idleness is bad.

The difficulties connected with negatives

mostly depend on their aggravating
property of always requiring a quite op-

posite treatment to positives. The less

a. positive is formed and overcharged the

better. A negative delights in complete
formation and frequent overcharge. In
recognition of this it is now customary
to form them separately, and to give the

negative a thorough dose of hydrogen
without commencing the corrosion of the

positive by an overdose of oxygen. When
the discharge from a cell begins to flag,

it is the resisting scum of sulphate that

has formed over the negative plate which
is responsible for the flagging. The true

E.M.F. of a cell is wonderfully constant
throughout the whole discharge ; but the

internal resistance is all the time increas-

ing, at first very slowly, ultimately, to-

wards the end, with a rush. One such
run-down cell in the midst of a lot of

others, therefore obstructs the current
terribly. If only a series of cells could
with certainty be made to work together
uniformly, if a series could behave as

well as some of the cells in it, no one
would have cause to complain.
Through the whole history of the

manufacture, from the very beginning, a

few cells here and there have always ex-

hibited astonishing efficiency ; the aim of

manufacturers may be said to be to bring

all cells up to the level of a few. Much
progress in this direction has been made,
and it may be vei'y fairly expected that, as

uniformity is gradually attained, a sen -

of cells subjected to the same treatment
may behave in the same maimer. When-
ever this is certainly accomplished, there

will have been reached a high stage of

efficiency, beyond which further progress

need be only in the improvement of

comparably insignificant minutiae.

The subject of the electrical storage

of energy is really one of national im-

portance ; it is comparatively a small

matter whether this or that form of

storage, or this or that company of manu-
facturers, succeeds in bringing out the
permanent form. It sometimes unfortu-

nately happens that enterprising pioneers

only clear the way, and retire just in

time for other men to come in and reap
the fruits of their labors. So much capi-

tal and so much labor have been already

expended in the effort to bring storage

batteries to perfection, so great progress
has been made, and so apparently small

are the steps which yet remain to be
accomplished, that we may surely fairly

hope that some of the original believers

in their great, and as it seems to us in-

evitable, future may yet live to see their

faith justified and their patience reward-
ed, and may even taste some of that so-

called " substantial " reward without the
hope of which great commercial enter-

prises would never be undertaken, and
modern civilization would have scarcely

yet begun.

ri^HE following is from a German patent. Xo.
J_ 20,939, for a method for the manufacture
of artificial gutta-percha : About 50 kilos, of
powdered gum copal, and from 7^ to 15 kilos,

of flowers of sulphur are under continual agita-

tion heated in a boiler with double the quantity
of turpentine or with from 55 to 62 liter? of
petroleum to a temperature of 126 to 150 deg.
C. till completely dissolved. The mixture is

then allowed to cool down to about 38 dee:.

C, when a solution of 3 kilos, of caseine Is
added, the latter being dissolved in weak am-
monia with the addition of a small quantity of
alcohol and wood spirit. The mixture is "now
heated for a second time to the same tempera-
ture until it assumes the consistency of a thin
fluid. It is then boiled with a solution con-
taining from 15 to 25 per cent, of tannic acid
—galls or catechu—to which \ kilo, of am-
monia has been added. After having been
boiled for several hours the mass is allowed to

cool, washed with cold water, and kneaded
out in hot water. After this treatment it is

rolled out and dried.
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When asked by the committee to pre-

pare a paper on narrow-gauge railways I

consented ; but, on looking over the

subject, I find so little to be said, except

as to cost, that will not apply equally

well to any railway, that I will simply
note a few points on their construction

and equipment in general, and then give

you, somewhat in detail, the various

items of cost particularly applicable to

narrow-gauge roads, hoping they may be
at least interesting to the members of

the association, though I do not think

they will be particularly instructive to

those whose experience is largely in rail-

road work.
Location.—The question of location I

need not allude to, except to refer you to

the able paper on the subject read by Mr.
Hodgman at your last meeting. His
treatment applies- as well to roads of one
gauge as another. I will say, however,
that curves and grades on narrow-gauge
roads are just as objectionable as on any
road ; although sharper curves may be
used, they should be avoided as much as

possible.

Supposing our location to be com-
pleted, and grades established, we are

ready to proceed with construction work

;

we will also suppose that the contract is

drawn in proper form and the work let,

subject to the proper specifications, as

we are dealing more directly with the
work of the engineer and the contractor.

Clearing and Grubbing.—The first

work to be done is the clearing of the
right of way and grubbing for the road
bed ; clearing should be done the full

width of the right of way, whatever that

may be, and all the logs, brush, and
perishable matter be piled and burned,
so as to be out of the way of the work-
men as well as the contractor ; as in-

stances have been known where contract-

ors have been tempted at least to use the
logs, stumps, etc., lying along the right
of way, for making the road-bed, which is

not desirable except in special cases. The
engineer should furnish the contractor,

for use in clearing, notes of stations be-
tween which grubbing should be done,

and width of grubbing, so that he may
do no useless work and may do grubbing
in connection with clearing, as a standing
tree is much easier to grub out than a

stump. All stumps and grubs should be
taken out where the sub-grade line is

within two feet of the surface, also on
all cuts. Where the fill exceeds two feet

low chopping will suffice, and in fills of

four or more feet, stumps of ordinary

height are not very objectionable and
may be left standing, except where they
are very large and decayed, when they

should be removed.
Cross- Sectioning.—Clearing and grub-

bing completed, the engineer is ready to

•do his cross-section work, which consists

in putting in stakes every 100 feet, or

oftener if the surface of the ground is

uneven, which stakes are set one in the

center and one at the edge of each slope.

Each stake should be plainly marked on
one side with the number of the station

at which it stands, and on the other with

the cut or fill to sub-grade at the point

where it stands. They should be set

uniformly, the center stakes exactly on
the center line, with the station number
facing the backward direction of the line,

and the slope or side stakes set at right

angles to the line even with the center

stakes, with the cut or fill facing the line.

On uneven ground, plus or partial sta-

tions should be put in in the same man-
ner as the regular stations, and the full

station number should be put on each

plus stake ; thus a cross section midway
between stations 79 and 80 should be
marked not simply +50 but 79 + 50. A
little care in this direction will save a

great deal of annoyance and time in

subsequent work when stakes are knocked
down by careless workmen and have to

be replaced, possibly when the notes are

not at hand. At every point where the

grade and surface lines cross, there

should be set a grade stake marked 0.0

or grade ; this should be done not only
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at the center but on each slope, and the

plus station at which each occurs care-

fully noted.

Each cross-section should be carefully

recorded in a cross-section book : the

usual form being to place the center cut

or fill in a central column, and left and
right slopes in a column at left and right

of the center in the form of fractions,

with the cut or fill as the numerator, and
the distance out from the center line as

the denominator, with their respective

signs, plus for cut and mimis for fill,

thus

:

L. C. R.
-2.0 +3.6
"970

+65
"1374

showing a cut of 3.5 at the center,

a cut of 3.6, and a distance out of

13.4 on the right and a fill of 2.0 with

a distance out of 9.0 on the left. These
distances apply to a road-bed of 12 feet

on fills and 16 in cuttings with a slope

of H to 1.

Experience has proved that there is no
economy in building narrow road-beds.

"We commenced on the Port Huron and
North-western Railway by making fills 8

feet at sub-grade and cuts 12 feet ; then
we widened banks to 9 feet ; on our next

work we made banks 10 feet and cuts 14,

and now build banks 12 feet and cuttings

16 feet, which are none too wide, and are
' found to be more economical in the

end.

As I believe the papers which are read

from time to time before this association

are intended to be of practical use to the

members, rather than finished literary or

scientific productions, let me give what I

consider the best method of doing cross-

section work. I have noticed that begin-

ners almost universally use the cumbrous
method of figuring out each station by
itself from the height of instrument and
grade height, a tedious as well as un-
necessary work. First, set your level

firmly, and in such a position as to com-
mand a good view of your work ; bring

it to a level, and take from the nearest

bench mark a reading, which add to your
bench height to give you the height of

instrument. Now, from your cross-sec-

tion book, note the grade of the station

at which you propose to commence your
work. The difference between your in-

strument height and grade height will be

the reading of your rod at that station

held at grade, and the difference between
it and the actual reading at the point will

be the cut or fill at that point.

To illustrate. Your bench-height is

80.10
;
your rod on bench mark reads

5.08, making height of instrument 85.18
;

your grade height at station 79 is 82 00 ; so

your rod held at grade at station 79 should
read 3.18. But suppose it actually reads

5.30 ; then your fill is 2.12 ; if it reads

less than 3.18 you have a cut. If you
are working on a level grade, all your
grade readings will be the same, and
you have no trouble ; but if, for example,

you are working on a down-grade of 26.4

feet per mile, add to your rod 0.5 for

each station, which would give you 3.68

at station 80, and the difference between
that and the actual reading will give you
the cut or fill. Then you can keep on
adding to or subtracting from your rod
reading at grade the change for each sta-

tion, and work from rod readings at grade
entirely, paying no attention whatever
to your height of instrument or grade
height until ready to move your instru-

ment, when you begin over again. In
this way one can soon become so familiar

with the work that he can call off and
record his work as fast as a rodman and
two smart men can measure the dis-

tances, mark and drive the stakes.

In cross-sectioning at changes of

grades, especially when the changes are

abrupt, vertical curves should be put in,

extending from 1 to 3 or 400 feet each

way, so as to avoid bringing the con-

necting grades to a point. This intro-

duction of vertical curves is very little

extra trouble in connection with the other

work and should not be neglected. It

is also advisable, though not a necessity,

to put in at each regular station, where
fills are to be made from side ditches,

berm stakes the specified distance out
from the slope stakes, as workmen are

less liable to cut away the berm if

stakes are driven for them to work to.

Earthwork.— Cross-sectioning being
done at any given point, the work of

grading may be commenced. I have
known of grading being begun without
any cross-section work, or even the cen-

ter stakes being in, but cannot say it

was a success. Fills should be made
from the adjoining excavations within an
economical distance for haulino- which
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distance varies with circumstances. The
embankment should be carried up uni-

formly from the bottom from full width,

so as to prevent sliding or uneven set-

tling. Fills made from cuts by the use

of dump-cars can be carried up uniform-

ly by shifting the track as may be re-

quired ; where fills are made from side

ditches the latter should be taken out

continuously so as to make clear water-

ways where necessary. The usual slope

given to ordinary earthwork of sand,

clay, or loan, is 1^ feet horizontal to 1

foot vertical, although varying circum-

stances may make a greater or less slope

desirable. In cuts, the slopes should be
smoothly dressed and uniform ; in each
cut, however small, there should be side

ditches to carry off the rain-water, or that

which soaks in from the sides ; the

ditches should have a surface width of

one-half the difference of the width of

cut and fill at sub-grade, leaving, as it

were, an embankment through the cut,

so that, when the earthwork is completed,

the grade presents an unbroken surface

of uniform width. It is not always ad-

visable during the process of construc-

tion to take out cuts to the full width, or

even down to sub-grade ; when the ma-
terial may be used for ballast the cut may
be gulleted or taken out just wide
enough to admit the passage of a train,

and with slopes of ^ to 1, or even steeper,

if the material will allow, and the re-

mainder of the cut taken out with trains.

In certain cases it is advisable to build

narrow banks at first, to be widened
later on.

Across all swamps and marshes sound-

ings should be taken to determine the

nature of the ground and the depth to

firm bottom, and, in case the foundation
is not good, some means should be taken

to improve it. Where it is not too soft

or too deep, a good method is to cordu-

roy with timber laid cross-wise of the

road-bed with brush thrown on ; the

length of the timber necessary may be
judged from the nature of the ground
and the weight of embankment to be
built. In some cases it is necessary to

drive long piling, and some swamps are

so deep that it is almost impossible to

build across them with any reasonable
expense , such places should be avoided
if possible. Across some swamps and
•marshes very little or even no material

may be obtainable to make a bank. I
have recently, in my own experience, met
with a swamp 2^ miles across, which was,
in the direction of the line, a level sur-

face ; soundings showed a firm bottom 6

to 18 feet below a fairly firm muck ; but
the season was very wet, and an attempt
to throw up a bank of muck was a fail-

ure, as it would run off a shovel before it

could be thrown up. In this case I took
the small poles and brush from the right

of way and laid them along the center
line cross-wise, and then some small

poles, from 2 to 6 inches in diameter,

lengthwise, so that they would come
under the ties outside the rail ; on these

I laid the ties and iron for a good share

of the distance across the swamp, with
no earthwork whatever. After the track

was laid across (it was not very smooth
however), we turned back and filled with
clay and raised the track ; soon it will be
one of the best pieces of track on the

road.

Culverts.—During the process of loca-

ting and constructing, the engineer has
looked over his line and its contiguous
territory closely, to determine the loca-

tion, size and character of the necessary
water-ways, and during his cross-section

work has probably staked out his drains,

culverts and bridges, made out his

timber bills, and made provision for the

timber and material for the various struc-

tures. In jDlaces where there is but a

small area of surface drainage, and no
danger of an accumulation of water, a

small drain of sewer- pipe may be made,
or in cases where cheapness of construc-

tion is necessary, which too often hap-

pens, a simple box of plank, spiked to-

gether, will answer where the embank-
ment is light. Where there is much
water a culvert should be put in. On
new work in new countries wood is al-

most entirely used, leaving the more ex-

pensive as well as more desirable stone

and iron structures to be put in when the

first have had their day, and the other

can be brought to the spot by train, and
the comjxany have presumably more
means to do work with.

Ordinary culverts are built of 12" x 12"

timber ; I use 10" x 12" on edge, the

sticks laid one upon the other, secured

by dowel pins. The foundations are

usually ordinary mudsills of flatted tim-

ber, sunk in the ground below the bottom
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of the waterway, to avoid undermining.
The sills should be boxed down at the

ends for a couple of inches to prevent
the wall sticks from sliding in from the

pressure of earth behind them. The top
wall piece of an open culvert should be 4
feet longer than the width of embank-
ment of sub-grade, and each succeeding
stick 3 feet longer than the one above it

till the surface of the ground is reached.

The walls should be braced against the
thrust of the earth behind them by struts

across from one wall to the other, usually

dove-tailed into the wall sticks. Culverts
should be laid out so as to have the top
of the walls reach just to sub-grade ; on
these walls are laid the track-stringers,

lying loose so as to be brought to the re-

quired line or shifted at any time. When
open culverts are more than 8 feet wide
they should be made with a bridge top,

i. e., with ties across the stringers. Box
culverts are made as above described, but
are covered with either plank or timber,

and usually with the earth of the fill.

Across small streams the ordinary pile

bridge is the cheapest and best to build.

TJse white oak piles, not less than 10
inches in diameter at the small end, well
diiven ; the usual plan has 4 piles in a
bent, the bents from 12 to 16 feet apart
(14 feet is a good distance), the piles

sawed squarely off and the cap securely
drift-bolted on top of the piles. Where
the height does not exceed 12 or 15 feet

the piles may answer as bents, and the
track-stringers be laid directly on the
caps ; but where the height is greater
there should be trestle-work on top of

piles. Across larger streams, or where
there is danger of freshets, ice, driftwood
or logs, there should be a clear span to

leave the channel unobstructed ; on nav-
igable streams a draw-bridge becomes
necessary. For ordinary trestle-work,

timber of the following sizes may be
used: Caps 10x12, main posts 10x10,
batter-posts 8x10, stringers 7x14, lat-

eral braces 6x6, sway braces 3 X 10, girts

6x6, ties 6x8, guard rail 6x6. These
dimensions will suffice for narrow-guage
roads using engines of 18 to 20 tons
weight ; we have latterly built our bridges
of the usual standard size.

Track-laying.—In advance of track-

laying the engineer should carefully re-

trace his line along the grade, and put in

solid stakes for track centers. These
Vol. XXXI.—No. 6—34

stakes should not be less than 2 inches

square, well driven, left 6 to 8 inches

above the surface of the grade, and hav-

ing a tack or nail showing the exact line

on the stake. On tangents center stakes

200 feet apart will suffice, but on curves

they should be put in every fifty feet.

Centers should be put on all culverts,

and at intervals of 10 to 20 feet on all

bridges. We will now suppose the cen-

ters in, the material all ready, our forces

and construction trains at hand, and will

proceed with work. First, we must load
one train with the proper proportion of

iron, ties, bolts, straps, spikes and tools ;

the car for bolts, straps, spikes, etc., is

usually the head car, then come the ties,

then the iron. The train is backed out
to the end of the iron, and when the
track-laying force is ready, as many rails

and ties as will make a lorry load are

thrown off, together with the necessai'y

spikes, bolts aud straps, and the train

pulls ahead out of the way. The lorry

men run their car back and load, say, ten
rails ; above the rails, but placed so as to

leave the rails loose, are loaded a suffi-

cient number of ties for as much track

as the rails will lay, and bolts, spikes and
straps enough for ten joints. Then the

lorry is run ahead to the end of the rails,

where the men, standing in a row on
each side, pass forward the necessary

number of ties for a rail length, laying

them evenly and properly spaced on the

grade, being guided by a line stretched

along the grade and a pole properly

spaced ; a large tie should always be se-

lected for the joint. Next, on each side,

the forward gang grasp the end of a rail

and pull it forward, and, as the rear end
drops from the lorry, it is caught by the

rear gang and placed at the end of the

rail in the track, then the forward end is

dropped to line ; this is done on each

side simultaneously ; the lorry is then

run ahead to the end of the two rails

just laid and the process repeated.

While this work has been going on,

another lorry load of iron and ties has

been loaded and. brought forward, the

empty lorry tipped on its edge off the

track to allow the other to pass, which,

in its turn is unloaded and sent to the

rear for another load. For laying light

I rails three men at front and two at rear

j
on each side is force enough ; for heavy
[iron more are necessary. As the iron
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and ties have been run out from the

lorry a pan of straps, with the necessary-

bolts, has been left at each joint, and two
spikes dropped at each end of each tie.

Immediately in the rear of the lorry

come the strappers, who quickly place

the fish-plate, or whatever joint fastening-

may be used, on the joints, and bolt

them to place, leaving the proper ex-

pansion at each joint ; then come the

spikers, working two together, the two
on the line side ahead, spiking usually

the joints, quarters and centers. Before
the train is run upon the track each rail

is spiked to the tie exactly to a line

which a boy has previously chalked on it

a certain distance from the end, meas-
ured by a short stick, so that when the

rail is full spiked and lined, the line end of

the ties are in a true and even line. The
rail joints should be kept exactly oppo-
site to each other, except on curves, when
joints should be opposite centers on nar-

row-gauge track, as it thus retains its

alignment much better. Two spikers are

also at work on the other side, using a

gauge, and quickly spiking the rail to

place ; each set of two spikers have with
them a nipper, or a man with a light iron

bar and a block of wood, whose duty it

is to hold the tie to the rail while being-

spiked. Spikes should be driven squarely

into the ties so as to have a firm bearing
against the rail, both on the side and
head of the spike, and should be driven,

not in the center of the tie or exactly op-

posite on the side of the rail, but one a

little ahead of the other, but both inside

spikes should be driven alike, i. e., either

ahead or back of the center of the tie,

as it prevents the tie from rocking, which
it will do if spiked otherwise. As soon
as the track is laid and spiked at the
joints, quarters and centers, the train

may be run up and kept closely following
the workmen. Behind the train come
the back spikers, who complete the
spiking, and then the liners, who throw
the track into line, when it is ready for

the ballast train. Track-laying is often

partially done by machinery, by means of

adjustable rollers fastened to the sides of

the car, on which the iron and ties are
carried to the front along the side of the
train ; also by a lorry car running on a
track on the supply train. Each method
has its advantages, especially where men
are scarce.

Ballasting.—As soon as the track is

laid the engineer should run his bal-

last grades, which should be marked by
good stout stakes set at the side of the

grade, at the foot of the slope of the bal-

last opposite the center stake, and driven

so that the top of the stakes should be
as high as the top of the rail at final

grade ; stakes 200 feet apart on tangents
and 50 feet on curves, the same as cen-

ters, will answer. The ballast train

should consist of as many flats as can be
conveniently used and handled, varying
with the condition of the pit for loading,

the capacity of the engine for hauling,

and the force used to do the work.
The most economical method, when a

convenient pit of material is reached, is

to lay a temporary track (or, what is bet-

ter, if it can be done, two tracks into it,

by which much time will be saved in

shifting trains), then load one train while
the other is on the road. Unloading is

most economically done under ordinary

circumstances by means of a plow worked
by a wire cable from the engine, when
no time is lost by men riding back and
forth between pit and unloading point,

as the train force is sufficient to handle
the plow, and the pit force can be ad-

justed so as to load while the train is

making a trip. An estimate of the quan-
tity of ballast to be used should be made,
so that the trainmen may make a proper
distribution of it. Allowing the surface to

be uniform at sub-grade, -the quantity of

ballast to raise the track to final grade
can be determined very closely and dis-

tributed accordingly, so that, when the

surface is complete, very little or no bal-

last will remain unused.
In raising track it should first be lifted

to final grade at each grade stake and se-

curely packed ; then by use of sighting

boards, the joints and centers between
the two points are raised to the same
grade, except on the vertical curve be-

fore alluded to when the intermediate

points should be rounded to agree with
the curve. On horizontal curves the

outside rail should be raised; on 3-

foot gauge we raise the outer rail f inch

for each degree of curvature up to 5°.

All points of the track having been
raised to the proper height, and the bal-

last shoveled in and well tamped the

entire length of each tie, the track is

ready for lining. A liner and three or
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more men with lining bars throw the
track carefully to the exact center as in-

dicated by the tack head in the stake

driven before track laying ; then all parts

of the track are thrown to correspond,
and the rail brought to a true line. One
side (it is not essential which) should
be taken as the line side, and all lining

of ties, iron, or track be done on that

side. Following the liners come the fin-

ishers, who properly distribute what ma
terial may be left by the surfacing gang,
and give the required surface to the bal-

last, dress it up neatly, remove any bal-

last from the ditches in cuts, and gather
up in shape for removing any surplus ma-
terial. Different companies have differ-

ent forms of ballasting and dressing.

Some raise the ballast nearly as high as

the top of the rail in the center and
slope it to the lower edge of the tie at

the end ; others keep it nearly level with
the top of the tie in the center, and
nearly as high at end of the tie, and
others still have other forms; but on
narrow-gauge track it is essential that

plenty of ballast should be at and against

the ends of the ties, otherwise it will be
very difficult to hold the track in line.

Very many points of work have not
been alluded to at all, although they all

have an important bearing upon the work.

We have not mentioned at all what is

important, especially to the contractor,

monthly and final estimates, also the

manner of making them, building of

bridges, crossings, etc., and the thousand
and one other matters that enter into

the work of construction.

Equipment.—But let us consider our
road-bed and track as completed, ready
for the running of regular trains, and
mention some of the necessary equipment
for doing business. Of first note is the

rolling stock, consisting of locomotives,

passenger coaches, baggage, and express
cars, box cars, flat and stock cars. The
locomotives should, of course, be adapted
to the service for which they are intend-

ed ; those for the passenger service

should have a larger wheel- and quicker
motion than those for freight ; so of the
other rolling stock, it should be adapted
to the class of business required ; but I

leave the subject of rolling stock for

some one better acquainted with it than
I am, and mention briefly some of the
equipment which more directly concerns

the engineer, such as water stations, pas-

senger and freight buildings, shops, en-

gine houses, turn-tables, etc.

About the first essential is the water
supply for engines. During construction
work, the engines may be supplied with
water pumped by hand directly into the
tender tank, or better still by a small
steam pump, which may be shifted from
point to point, or yet again by a steam
siphon and hose carried with the engine,

the hose of which can be dropped into

any convenient ditch or pond of water by
the roadside ; in case of emergency, water
may be bailed up with pails. All these
processes are slow and tedious, and will

not do for permanent use. Locations
should be chosen at convenient points,

at stations or regular stopping places, not
exceeding 20 miles apart—15 is better

—

and tanks of sufficient capacity put up.

Tanks of from 20,000 to 30,000 gallons'

capacity will answer where traffic is not
very heavy, or even less would do, but
small tanks are not advisable, as the sup-
ply is not as lasting, and in severe
weather is more liable to freeze. The
tanks should be erected upon a frame-
work of posts of convenient height, so

that the drop pipe will have a good sharp
incline when water is being taken. For
a tank of 20,000 gallons 12 posts 8"x8"in
size are sufficient ; the foundation may be
of stone or of piles capped with 8"X8''
for sills, the posts framed into them, and
capped at right angles to the sills with
8" X 8" caps ; on them rest the floor joists,

and on the joists directly the bottom
of the tank, the joists being cut away for

the chime of the staves ; a tank holding
from 20,000 to 30,000 gallons, should be
made of 3-inch staves and bottom. To
make the tanks frost proof, all that is

necessary is to put in a ceiling 18 inches

below the top of the staves, and pack it

with 18 inches of good sawdust, leaving

the space between the top of the staves

and roof, which should be perfectly tight,

as a dead air space ; also to pack it well

around the supply, waste, and delivery

pipes and under the floor ; in extreme
cold weather it will of course freeze a

little, but not enough to do any damage.
There are many different methods of sup-

plying the tanks with water : that most
in use is by a small steam pump : wind
power is also quite extensively used and
is considered quite economical, although
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my experience has been that it hicks in

that respect and is not altogether reliable.

Hot air engines are also somewhat used,

and I believe are considered economical
and reliable. Our company have had one
in use at Vassar for the last sis or eight

months, and are well pleased with its

performance thus far. Too much care

cannot be taken to have good water and
a supply that is permanent. Soft water
from streams is considered the best

;

water containing minerals, especially lime

and other substances that coat boilers,

should be avoided.

Station buildings come next in import-
ance to water stations, if indeed any
gradation in importance can be made

;

for successful and economical operating
all are required. It may be supposed
that, during the process of construction,

the location has been chosen and the

grounds secured. Usually, during the
first excitement of the enterprise and the

rivalry of the different centers or villages

in their efforts to secure the road, a choice

of location can usually be had, which
should be made with reference to the
convenience of access, and economy and
convenience of laying out the sidings and
arranging for the business of the company.
It is well to secure ample room at first,

for, after the grounds are once secured,

it is strange how soon contiguous property
appreciates in value, and often it is im-
possible to obtain more room without
buying at exorbitant prices. The station

building should be of sufficient size to

accomodate the business of the place. In
small places, where one man does all the
work, I think it advisable to unite the
passenger and freight buildings in one,

as it is more economical as well as con-

venient. For places of only a hundred
or two of population, where business in

terests are not very great, I have found
a building 16 X 40 feet in size to be ample.
A convenient one is built as follows

:

16x40, with 12 foot walls, the interior

divided in the middle by an ordinary
studded partition, making the freight

room 16x20, and 16x20 for a waiting
room and office ; the office is made by
running a lattice partition across from
floor to ceiling, 6 feet from the end of

the room. This lattice partition allows
the waiting room stove to do duty for the
office as well,—another item of economy,
as you will please bear in mind that I am

speaking especially of the ecpiipment of a

narrow gauge road, where cheapness and
economy are a desideratum. In front of

the office is a bay window, so that the

agent or operator has full view of the

track each way. In front of the building
the platform should be not less than 12

feet wide ; we build it 1 foot above the

rail with a raised portion 8 feet wide in

front of the freight room, and raise the

freight room floor above the waiting room
floor so as to be on a level with the floor

of a box car ; the platform across the end
and rear of freight room is level with its

floor and descends again to the level of

the waiting room by an easy incline. For
a place of several hundred inhabitants,

we build a station 20 X 70 feet in size, simi-

lar to the former with the addition of a

baggage room ; and in large places make
them 20 X 100 feet or more. Where two
waiting rooms are needed we build the

office partially between the two, so as to

give convenient access to both. We have
found the system of passengers and
freight in the same building to work satis-

factorily, having in no case, except at

terminal stations, any other arrangement,
although in very large places it would
not be desirable. During construction

the engines are usually left standing out

of doors with no covering whatever

;

sometimes a rough temporary shed or en-

gine house is built ; but it now becomes
necessary to have permanent buildings

for them. Such are usually built in a par-

tially circular form, with stalls or divi-

sions to accomodate one engine each. A
suitable location is chosen, and a turn-

table put up, and, radiating from it as

a center, the tracks enter each division of

the engine-house ; underneath each track,

inside the house, is built a pit for con-

venience in working at the under side of

the machinery. These houses are usually

built of either brick or stone, although

cheapness of construction being often

demanded, wooden ones may be built

with simply a frame work of 8" X 8" posts,

with 8"X8" caps, 2"x6" studding, 2"X
10" and 12" joists ; they should be sheet-

ed around the outside, then papered with

heavy building paper, then boarded and
battened. Double doors in front of each

division may be built on a light frame of

2"x4" in the same way ; a tar and gravel

roof will do as well as any. At terminal

stations and points where engines are
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kept for yard or other service a small

building of sufficient size for the required

service should be built, and may be locat-

ed over an ordinary spur track in a con-

venient place. At headquarters, in con-

nection with the engine or round-house
(as it is usually called from its partially

circular form), should be the repair and
machine shops, the size, equipment, and
capacity of which will depend on the

number of engines to be kept in repair,

and the amount of work to be done ; the

more complete they can be made as to

machinery and appliances, the more eco-

nomically can the work be done, although
of course due regard must be had to the

means to do with. It is also necessary

to have car repair shops and a place for

storage of coaches when not in use. A
supply depot is almost a necessity on a

road of any inrportance. It is also neces-

sary that a road should be furnished with
the necessary sidings at different points

along its line, and yards at terminal and
important points for the storage of cars,

etc.

Cost.—I am aware that I am already

making this article too long and am only
touching upon a point here and there, so

perhaps I had better close by giving an

estimate of the various items of cost that

are applicable to a narrow gauge road, as

very little of what I have already said

will not apply to any gauge of railroad.

First the right of way must be secured,

which, through a farming and timbered
country, like the lower peninsula of

Michigan for example, will cost from $20
to $50 per acre, although usually from
one-half to three-quarters can be secured
as a donation. However, we will say an
average of $40 per acre, which gives, for

a right of way 4 rods wide, 8 acres or $320
per mile. Clearing through the average
country above alluded to can be done for

$25 per acre, or $200 per mile, and
grubbing will average perhaps $100 per
mile, though in heavily timbered land it

will cost very much more. A fair price

for ordinary earthwork is 25 cents per
yard, and at 5,000 yards per mile, (al-

though on the P. H. & N. W. By., of over
200 miles, the average has been less than
4,000 yards per mile), we shall have for

earthwork $1,250. Bridges, if not too
expensive, may be figured $200 per mile
and culverts at $100. This will give for

right of way and road bed as follows :

Right of way
Clearing 200
Grubbing 100
Earthwork 1,250
Bridges and culverts 300

Total 82.170

Ties will cost, say 20 cents, although
the average price paid for more than half

a million ties used by the P. H. <fc N. W.
By., has been but little more than 10
cents.

2,640 ties per mile at 20 c $528.00
Rails, (steel) 35 lbs. per yard, 55 tons
per mile, at $50 per ton 2,750.00

Fish plates, 532 pairs, weighing 8 lbs.

per pair, at 3 c. lb 127.08
1,408 bolts, \ lb. each, at 4 c 28.16
Spikes, 27 kegs per mile, 150 lbs. per

keg, at 3 c. lb. (now considerably
less) 121.50

Track laying per mile 200,00
Ballasting, 35 c. yard 1,100 yards per

mile 385.00

Making per mile $4,139 . 74
To which we must add about 5% min-
imum for siding, etc 206 98

Total per mile $4,346.72

We will perhaps arrive at a better re-

sult for equipment by considering the

amount needed for 100 miles of road.

Let us say,

8 locomotives, from 14 to 20 tons @
$8,000 each $64,000

6 first-class coaches @. $3,000 each. . .

.

18.000
6 second-class coaches @ $2,300 each. 13,800
4 baggage and express cars @, $1,700
each 6,800

150 box cars @, $325 48,750
10 stock cars @ $350 3.500
50 flat cars @ $225 11,250
Hand-cars 900

Total for rolling stock $167,000

or $1,670 per mile.

Water stations at terminal stations, and
4 intermediate on the 100 miles will

cost $700 each
For station buildings we will say 12—

6

of the smaller size mentioned, which.
with the platform and outbuildings
complete will cost $600 each

Four, 20' x 70' in size @ $1,000 each. .

.

Two, 20' x 100' in size @. $1,300
Larger passenger and freight buildings

at headquarters costing
Engine-house of 8 stalls at headquarters.

Small eno-ine-house at other end of line.

Two turn-tables @. $600 each
Machine shops and machinery
Car repair shops
Coach house
Telegraph line

$4,200

3.600
4.000
2.600

15.000
2.000
500

1.200
10.000
6.000
1.000
5.000

Total $55,100
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or $551 per mile. Making a summary as

follows :

Plight of way, road-bed, etc., per
mile • $2,170.00

Ties, iron, track-laying, ballasting,

etc 4,346.72
Rolling stock equipment. 1,670.00

Buildings 551 .00

Fencing 600.00

Making a total per mile of $9,337.72

to which may be added engineering and
contingent expenses, which will make in

round numbers at least $9,500 per mile.

ON THE ANTISEPTIC TREATMENT OF TIMBER.
By S. B. B0ULT0N, Assoc. Inst. C. E.

From "The Engineer."

The author commenced by referring to

a paper by his late partner, Mr. H. P.

Burt, Assoc. Inst. C. E., on the subject

of timber preserving, which had been
read at the Institution in 1853. Since
that date the use of antiseptics for the

treatment of timber had greatly increased.

The process called creosotiug, or the
employment of the heavy oils of coal tar,

had almost entirely displaced the other

methods, whilst the manufactures con-

nected with the residual products of gas
making—from one of which residuals the

creosote oils were derived—had experi-

enced an enormous development. The
author's connection, during thirty-four

years, with this group of industries en-

abled him to offer the results of some
personal experience and research, which
he presented, together with those arrived

at by other investigators. An historical

description of the antiseptic treatment of

timber was preceded by a few notes on the
method pursued by the ancients for the

preservation of wood and other perishable

materials. The ancients were well ac-

quainted with the manufacture and use
of many kinds of oils, tars and bitumens,
and frequently used them for the prepa-
ration of wood, with respect to which
some notable instances were cited. The
methods employed by the Egyptians in

embalming their dead were dwelt upon
at some length, and the author endeav-
ored to elucidate some discrepancies in

the descriptions of these processes, as

recorded by Herodotus and Diodorus
Siculus. The researches of Petigrew
were alluded to, particularly his interest-

ing experiment upon the heart of a

mummy, which, after three thousand
years' preservation, began immediately

to putrify when the antiseptic sub-

stances were removed .by maceration.

This appeared to prove that no chemical

transformation had taken place, but that

the long immunity from decay had been

the result of the abiding presence of the

antiseptic. The growth of theories upon
the causes of putrefaction was traced

down to the commencement of the pres-

ent century, reference being made to the
" Phlogiston," and other exploded theo-

ries ; also to the opinions of Macbride,

Sir John Pringle, Sir Humphrey Davy,

Thomas Wade, and others, and to their

suggestions upon timber preserving.

The progress of timber preserving dur-

ing the railway era, and particularly be-

tween the years 1838 and 1853, was de-

scribed, with especial reference to the

competition between the four most suc-

cessful of the processes. These four

consisted in the employment of corrosive

sublimate, sulphate of copper, chloride

of zinc, and heavy oil of coal tar, which

had been patented in England respec-

tively by Mr. J. H. Kyan, Mr. J. J. Lloyd

Margary, Sir William Burnett, and Mr.

John Bethell. The distinction was

pointed out between the real creosote—

a

product derived from the distillation of

wood, but which had never been employed

for injecting timber—and the so-called

creosote which had been so successfully

used for that purpose, the latter being a

heavy oil produced from the distillation

of gas tar. The theory that certain an-

tiseptics preserved timber by coagulating

the albumen, and by forming insoluble

combinations with the woody fiber, had

been advanced on behalf of all the four

processes alluded to. But, in spite of some

acknowledged success, the Kyanizing
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Margaryizing, and Burnettizing systems
were not found to be so durable in their

effects as creosoting. Indeed, the salts

of metals were gradually washed out of

timber exposed to the action of water.

On the other hand, the success of the

creosoting process became completely

established. In order to show the pro-

cess of manufacture of the creosote oils,

a short description was given of the or-

dinary methods of tar distilling. Coal

tar, a black, viscous substance, was a re-

sidual product of gas making. It was
split up by a preliminary process of dis-

tillation into three groups of substances,

namely : (1) Oils lighter than water, con-

taining the naphthas, benzoles, toluols,

and other bodies, from some of which
the aniline dyes were manufactured.
This series of oils had never been used
for timber preserving. (2) Oils heavier

than water ; the dead oils or creosote

oils of the timber yards. These oils

contained a great variety of different

bodies, the properties of some of which
were described, including carbolic acid,

cresylic acid, naphthaline, anthracene, cry-

sene, pyrcne, quinolene, leucoline, acri-

dine, cryptidine, &c. (3) Pitch, the re-

siduum of the distillation. The creosote

oils varied in their characteristics in dif-

ferent districts, according to the nature

of the coal used in the gas works, and
to the varying temperatures at which the

coal was carbonized. The type of creo-

sote called " London Oil,'' made from
the tars derived from the coal of the

Newcastle district, was contrasted with
the so-called " Country Oil," typical of

the product from the tar of the Midland
and other coals. The former contains
less of the carbolic and cresylic acids

than the latter, but more of the semi-
solid substance, which solidified within
the pores of the timber, and more of the
antiseptics which did not volatilize

except at exceedingly elevated tem-
peratures. The history of the contro-

versy as to the respective merits of the
two types of creosote oils was fully gone
into. The carbolic and cresylic acids

had been recognized as potent antisep-

tics ; their presence appeared to arrest

the action of all destructive germs, and
the lighter and thinner country oils,

which contained a comparatively large

percentage of these tar acids, had there-

ore been preferred by many. The

opinion of Dr. Letheby to that effect was
recorded. On the other hand were cited

the opinions and practice of the intro-

ducers of creosoting and of the earlier

operators in that process, who used in

preference the heavier types of creosote

;

and the early success of that creosote,

both in England and in tropical countries,

appeared to confirm their judgment. A
number of experiments were then alluded

to, stretching over a long series of years,

and conducted by investigators in this

and in other countries for the purpose of

ascertaining which of the component
portions of the creosote oils were themost
durable and efficient agents in preserving

timber. The result of these experiments

appeared to show that it was not to the tar

acids, but to the heavier and least vola-

tile portion of the creosote, and to those

bodies which solidified within the pores

of the timber that the most durable re-

sults should be attributed. This ap-

parent anomaly was exj)lamed by refer-

ence to numerous eminent authorities

upon carbolic acid, who, whilst extolling

its action as a most useful and powerful
antiseptic for sanitary and surgical pur-

poses, were in general agreement as to

its possessing the following characteris-

tics : That it was exceedingly volatile at

ordinary temperatures, that it was read-

ily soluble in water, and that its combin-
ations with other bodies, including albu-

men, were not stable. It would, there-

fore, readily evaporate from timber ex-

posed to the heat of the sun, especially

in warm climates, and it would be washed
out of timber in contact with water.

The author's personal experience and ex-

periments fully bore out the conclusion

that the use of the heavier and least vol-

atile portions of the creosote oils should

be encouraged, and that from them the

most durable results mi.Q-ht be expected.

Moreover, it was pointed out that recent

investigators had discovered in these

heavy oils, bodies which, if perhaps less

potent, were more durable in their anti-

septic effects than carbolic acid. By ju-

dicious selection and admixture, both

London and country oils could be use-

fully employed. Shale oil and bone, oil.

however, and other oils lighter than

water, should be excluded. The modem
germ theory wras discussed in its relation

to timber preserving, and was believed

by the author to be a more practical ex-
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planation of the action of antiseptics

upon wood than the older theories as to

the coagulation of albumen and the

formation of insoluble compounds. With
respect to all bodies which had been ex-

tensively used for timber preserving
tbeir durable results appeared to be in an
inverse ratio to their volatility in the at-

mosphere and their solubility in water.

The germ theory constituted a severe but
salutary test in choosing antiseptics for

the treatment of wood. In the author's

opinion the substances preferred should
be not only germicides, but germ exclu-

ders, those being the best which were
least soluble in water, least volatile in air,

and most capable of becoming solid

within the pores of the timber. A de-

scription followed of the various kinds

of apparatus which bad been in use dur-

ing the present century for injecting tim-

ber with antiseptic liquids. The paper
concluded with some remarks upon the

subject of the hygrometric condition of

timber at the time of injection, failures

having repeatedly arisen owing to the
timber being too wet at the time of creo-

soting. The author dwelt upon the im-
portance of this subject, describing also

bis experience with various methods of

getting rid of superfluous moisture arti-

ficially, and of a process which he had
recently inaugurated, by which this re-

sult could be obtained in the creosoting
cylinder itself, without injury to the tim-

ber.

The paper was illustrated by dia-

grams snowing the most important prod-
ucts derived from coal, and the appara-
tus for coal tar distillation and timber
preserving ; also by tables, giving the
properties of coal-tar products and other
substances, of timber-preserving specifi-

cations, and of more than one hundred
references to various authorities upon
the topics alluded to in the paper.

THE MANUFACTURE OF CRUCIBLE CAST STEEL.
Bt henry seebohm.

Transactions of Iron and Steel Institute.

The old-fashioned method of convert-

ing bar iron into steel, and afterwards

melting it in clay pots to form ingots of

cast steel, which are reheated and rolled

or hammered to the size and shape re-

quired, has been so frequently described

that I should not have ventured to

bring the subject before the notice

of the members of the Iron and
Steel Institute had I not been request-

ed to do so by the council of the so-
J

ciety. It was suggested that, inasmuch
j

as the Journal of the institute did not
]

contain a paper on this subject, the occa-
J

sion of the annual meeting of the mem-
;

bers being held in the town of Sheffield,
\

the headquarters of the crucible cast

;

steel trade, would present an appropriate
|

opportunity for collecting the facts con- •

nected with such an important branch of
j

industry. These facts may perhaps be
j

all the more interesting now that Shef-

field has somewhat ungraciously failed

to respond to the wishes of the institute
;

j

not in the least degree from want of hos-
j

pitality, but from a deeply-seated belief
|

that the Patent Laws are so bad that it

is more profitable to keep secret a me-
chanical improvement than to patent it.

Sheffield inventors have learnt by bitter

experience that secrecy is the only pro-

tection for improvements ; and if they
think that they have found a goose that

is going to lay golden eggs they lock
and double lock the fowl-house door. It

is said that there is no Act of Parlia-

ment through which you cannot drive a
coach-and-four, and I am afraid that the
Patent Laws are no exception to the
rule, if you only have sufficient money to

buy a strong enough team. I may pre-

mise that I have nothing new to bring
forward. No Sheffield firm has yet suc-

ceeded in discovering the philosopher's

stone. "We all have our little secrets,

which we jealously guard (and they have
no greater scientific value than the
secrets of the Masonic fraternity), but in

spite of the important and valuable dis-

coveries which have been perfected dur-
ing the last quarter of a century in the
methods of producing cast steel, the old-
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fashioned crucible steel manufacturers of

Sheffield still hold their own. They still

convert bar iron into blister steel, and
melt blister steel into cast steel, and some
of them have not been altogether unsuc-
cessful in transmuting cast steel into

gold.

The accumulated experience of a cen-

tury has convinced the manufacturers of

crucible cast steel that the finest qualities

can only be made from bar steel which
has been converted from iron manufac-
tured from Dannemora ore. This iron is

expensive ; its average cost for the last

forty years has been at least £25 a ton

;

the process of converting it into steel is

slow and costly ; the process of melting
in small crucibles is extravagant both in

labor and in fuel, and consequently the

best qualities of crucible cast steel can
only be sold at a high price. So-called

best crucible cast steel is sold at low
prices by unscrupulous manufacturers,
and bought by credulous consumers, but
though it is quite possible for high-

priced steel to be bad, it is absolutely

impossible that low-priced steel can be
good. The finest quality of steel cannot
be made of cheap material or by a cheap
process. Every year the attempt is made,
and every year it signally fails. No one
ever made a better try than Sir Henry
Bessemer, but his failure was as complete
as that of his predecessors. He at-

tempted to produce an article at £6 a

ton to compete with one at £60 a ton,

and failed absolutely. It is true that his

steel is a success, perhaps the most bril-

liant success of the century. I am not
quite sure that he himself believes in his

failure. In his lecture before the Cut-
lers' Company of London, in 1880, he
chaffed the steel manufacturers of Shef-

field on their antiquated attachment to

the rule of thumb, and twitted them with
the assertion that the high price of cru-

cible cast steel arose from a combination
of trade interest on their part and of

prejudice on the part of their customers.
Sir Henry Bessemer may have half ruined
the wrought-iron trade, and revolution-

ized the pig-iron trade, but the crucible

cast steel trade holds its own in spite of

his great discoveries. When railways

were first introduced, and wagons and
coaches were to a large extent driven off

the road many people thought that the
price of horses would permanently fall,

but exactly the contrary took place.

Similar fears were entertained that the

demand for crucible cast steel would seri-

ously decline when Bessemer and Siemens
steel came into the market. This Las

not been the case. The commoner quali-

ties of crucible cast steel have been, to a

large extent superseded by Bessemer and
Siemens steel, but the enormous quanti-

ties made by the latter processes have
required for their manipulation, directly

or indirectly, such a large quantity of the

better qualities of crucible cast steel,

that the total amount of the latter now
produced in various parts of the world is

probably double that which was required

before the birth of its rivals.

Chemical analysis plays a very im-

portant part in the manufacture of iron,

Bessemer and Siemens steel, and even of

the comparatively small quantity of cru-

cible cast steel which is still usecl for pur-

poses in connection with which it is

not required to be hardened and tem-

pered. It is possible to judge very accu-

rately of the quality of those metals

from their chemical analysis, almost as

much so as from the results of mechani-
cal tests, such as the breaking strain and
the contraction of the area of fracture.

But in what we may call, for want of a

better name, the legitimate cast steel

trade, chemical analysis, though it tells

us a great deal, does not tell us every-

thing. The analysis of steel shows the

amount of other ingredients which it

contains besides tbe nine-tenths or more
of iron which forms its basis. The
amount of carbon, silicon, manganese,
sulphur, phosphorus, copper, &c, may be
ascertained with tolerable accuracy, and
the information thus obtained is often of

the utmost importance ; but it is quite

possible to make a comparatively low-

priced steel which shall show precisely

the same chemical analysis as the best

crucible cast steel ; nevertheless it is

found by practical experience to be infe-

rior in quality. That this is a fact has
been proved over and over again beyond
all possibility of doubt. It is a sufficient

reason whv Sheffield manufacturers have

been willing to pay such a high price for

Dannemora iron for so many years ; but
it is not a sufficient reason why so many
Sheffield manufacturers should ignore
the results of chemical analysis alto-

gether. Of every fact there must be
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some explanation, though we may, for the

present, at least, be ignorant of it. To
say, with the Sheffield devotees of the

rule of thumb, that the one steel pos-

sesses " body," and that the other does
not, explains nothing, but merely adds
to the synonomy of the subject by alter-

ing the nomenclature. If the metallur-

gical chemists could once convince them-
selves that this difference in quality is a

fact, they would probably soon be able to

give us an explanation. We already know
much of the chemistry of steel, and what
remains to be learnt is as certain to be
some day discovered as the fact that

Newton discovered the laws of gravita-

tion. Mathematicians may never dis-

cover how to square a circle, mechanics
will never discover a perpetual motion,

nor will chemists ever discover the trans-

mutation of metals ; but the discovery of

the chemical explanation of " body " is

only a question of time. By way of

stimulating enquiry I venture to suggest
two possible causes of body which may
be worth consideration as a tentative hy-

pothesis of its nature. The best razor-

steel contains one and a-half per cent, of

carbon. It must be melted from evenly

converted steel. It will not do to mix
hard and soft steel together, or to melt
it from pig " let down " with iron, though
in either case the exact one and a-half

per cent, of carbon may be the result.

Steel made by the latter processes will not

possess the requisite amount of body
;

consequently, the cutting edge of the
razor will not stand. It must be melted
from steel converted from iron made
from ore containing manganese. It will

not do to add the manganese in the form
of spiegeleisen or ferro manganese. Car-

bon and manganese exist in combination
with iron not chemically combined in

certain definite proportions, bat as al-

loys, as mechanical mixtures in any
proportion. We know that carbon
exists in combination with iron in two
forms, either as combined carbon
or free carbon ; is it not possible
that manganese may also exist in two
forms, and though the razor steel must
have been boiled in the pot for half

an hour after it was melted, to kill it and
make the ingot pipe, is it not possible
that the mechanical mixture of the car-

bon and the manganese is less homoge-
neous in steel made by the cheap proc-

esses than it is by that made by the old-

fashioned method ? It has been stated

that the finest qualities of steel when
hardened show a more perfect regularity

in their crystallization when examined
under a microscope than commoner qual-

ities, and I venture to suggest that a

possible explanation of "body" in steel

may be absence of injurious ingredients,

combined with the perfectly homogeneous
presence of the advantageous ingredients.

Hardened steel is crystallized steel

;

and perfect regulai'ity of crystallization

in steel which is required to be ground
to a fine cutting edge may be a necessity

which can only be secured by the slow
and expensive old-fashioned method.
The principal reason why Bessemer

and Siemens steel have failed so com-
pletely to supersede crucible cast steel

for purposes where the better qualities

are required, is that they cannot be made
sound without the addition of silicon or

manganese. In melting common steel

(containing, for example, from 0.15 to

0.05 percent, of phosphorus), the steel

must be poured into the mould as soon
after it has become perfectly fluid as

possible, and as hot as the tensile

strength of the pot will allow. In mak-
ing the higher qualities of crucible cast

steel (where the percentage of phos-

phorus ranges from 0.01 to 0.001)' a

similar mode of treatment would produce
very strange results ; the molten steel

would boil over in the mould, the frac-

ture of the ingot when cold would show
a series of bubbles like a sponge, and its

specific gravity would scarcely exceed

that of wood. Some of these bubbles or

honey-combs would weld up when the

ingot came to be forged, but by far the

greater number would be coated with an
oxide, which would make a weld impos-
sible, and the bar, if it was not burnt up
in the fire, would be so full of the imper-

fections technically called " seams " or
* k roaks " as to be perfectly useless. To
obviate this disastrous result it is neces-

sary to boil the steel for nearly half an
hour after it has become fluid, and then

to allow it to cool down to a certain tem-

perature before it is poured into the

mould. This process is called, in the

language of the votaries of the rule of

thumb, "killing" the steel, and it is an
axiom amongst them that the higher the

quality of the steel the more " killing" it
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takes. It is in this part of the process

of crucible cast steel melting that its

special virtue consists, and the cost and
quality of the cast steel produced depend
in a large degree upon the skill brought
to bear upon it. There is an old proverb
in Sheffield, usually expressed in the

terse vernacular of the county, but which
may be refined into the expression that

if you put his Satanic Majesty into the

crucible his Satanic Majesty will come
out of the crucible. The converse of

this is by no means the case. Though
you may convert iron into steel in the

crucible, you cannot convert bad steel in-

to good steel in the crucible ; but though
you may put the most angelically pure
steel into the pot, you may, by bad man-
agement, by not " killing " it properly,

pervert it into satanically bad ingots.

Now, this killing of the steel is precisely

what cannot be done in the Bessemer or

Siemens processes without the addition

of such a large amount of manganese or

silicon that the steel becomes brittle

when hardened. I do not know whether
chemists are agreed on an explanation of

the necessity for "killing'' high-class

steel. When iron is made into steel in a

converting furnace, it is assumed that the

•oxygen in the air in the converting pot
unites with the charcoal, and is soon
made into carbonic oxide, which is oc-

cluded by the white-hot iron, and forced

by it to part with as much carbon as is

sufficient to reduce it to carbonic acid.

It has been ascertained that metals
have the power of absorbing or occluding
many times their own bulk of gas, and
possibly the carbonic oxide, when it has
parted with the amount of carbon neces-

sary to reduce it to carbonic acid, is not
then expelled from the iron, but may re-

main in an occluded state, and requires

to be expelled in the melting pot by boil-

ing. Be this as it may, it is a fact that

if it be required to make blister steel

harder than about 1.4 per cent, of car-

bon, it is necessary to convert it twice
over, possibly in order that in the inter-

val it may part with some of its occluded
carbonic acicl, so as to make room for a
further occlusion of carbonic oxide.

Another fact which may throw some
light upon this question is, that blister

steel melted directly after being drawn
from the converting furnace requires

more "killing" than that which has been

exposed to the air for some time, during
which it has presumably had an oppor-
tunity of parting with some of its oc-

cluded gas. The addition of a portion of

scrap steel materially assists the process
of " killing," as would naturally be the

case if we suppose that the scrap (which
has been melted before) has parted with
its occluded gas in the first melting.

The fact that the presence of manganese
or silicon helps largely to kill the steel

may possibly be accounted for on the

theory that the carbonic acid unites with
the manganese or silicon, and becomes a

solid, or it may be that in an alloy of iron

with either manganese silicon or phos-
phorus, the occluded gas is expelled at a

much higher temperature than in pure
iron. Before describing the process of

making crucible cast steel, it may be use-

ful to devote a few words to the nomen-
clature of iron and steel. This is almost
as much a vexed question as that of zoo-

logical nomenclature, and might form the

subject of a code of laws, which would
probably be as complete a failure as those

issued under the auspices of the British

Association for the Advancement of Sci-

ence, which have made confusion in the

scientific names of birds and beasts

worse confounded. In Sheffield we at-

tempt to discriminate between iron and
steel, which we regard as generally dis-

tinct, and each of which we subdivide

specifically, though it must be admitted
that neither our generic nor specific

names are very scientific.

Pig iron is melted direct from the ore

in a blast furnace, and contains from 3 to

5 per cent, of carbon. "When remelted

it is called " cast iron," or " metal.''

Spiegel iron is precisely the same, but
contains in addition from 5 to 15 per cent,

of manganese.
Bar iron, often called lorought iron,

is pig iron which has been smelted and
deprived of nearly all its carbon, either

in a puddling furnace, or by the Walloon,
Lancashire, or other analogous process ;

the spongy mass or ball of iron is usually

hammered or rolled into a bar, which, for

the Sheffield trade, is generally 3 inches

wide f inch thick, and from 6 to 1*2 feet

long.

Puddled steel is precisely the same as
" bar iron," except that the process of

puddling is stopped when rather more
than half of the carbon has been re-
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moved from the pig iron. There is, con-

sequently, no hard and fast line between
bar iron and puddled steel, the one inter-

grading to the other by imperceptible

degrees. Although there are an infinite

number of intermediate stages between
the softest bar iron and the hardest pud-
dled steel, and although it is impossible

to state the exact percentage of carbon
which marks the dividing line between
one and the other, it is usual to call all

puddled bars which cannot be hardened in

water, bar iron, and all those which can,

puddled steel. This dividing line falls

somewhere near a mixture containing a-

half per cent, carbon, and although it

looks very vague and unscientific to use
two terms which thus intergrade, no con-

fusion of any kind, or misunderstanding,
has ever been known to arise from their

use.

Blister steel is bar iron which has-been
converted into steel in a converting fur-

nace, and varies in the amount of carbon
which it contains from \ to 1^ per cent.

There are of course, an infinite number
of degrees of carbonization between
"hard heats" and "mild heats," but for

the convenience of the trade six of them
have been selected, and have received

names as follows

;

No. 1. Spring heat i per cent, of carbon.
No. 2. Country heat \

" "

No. 3. Single-shear heat. J " "

No. 4. D'ble-shear heat.l " "

No. 5. Steel-thr'gh heat.l^ " "

No. 6. Melting heat 1^ " "

Bar steel is blister steel which has
been tilted or rolled down to the size re-

quired.

Single-shear steel is produced by weld-
ing half a dozen bars of blister steel to-

gether. Only those bars are chosen in

which the process of conversion has been
so far carried on that the outside of the
bar is steel, and the center of the bar
iron. When these are welded together,

and tilted or rolled down to a small di-

mension, the result produced is a me-
chanical mixture of iron and steel, a ma-
terial which combines great tenacity with
the capability of carrying a moderately
hard cutting edge, and is much employed
for certain kinds of knives.

Double-shear steel is produced by
drawing down single shear to suitable
sized bars and rewelding- two of them to-

gether, so that the mixture of iron and
steel may be more perfect.

Cast steel is steel that has been melted
in a " pot " (called a crucible in the en-

cyclopedias), and poured into a mould
(called a "form" in the learned books),

thus becoming an " ingot,'' which is after-

wards hammered or rolled to the size re-

quired. It may be made of various " tem-
pers," varying in the percentage of

carbon which they contain from three-

quarters or less to one and a-half or

more. The different tempers may be ar-

rived at in various ways. For the great

majority of purposes there can be no
doubt that the best way is to put into

the melting pot broken pieces of blister

steel converted exactly to the temper re-

quired ; and the more evenly the steel is

converted, and the more carefully all bars

which are harder or softer than the tem-

per required, or which are " flushed " or

"aired,'' are rejected, the better. Blister

steel, when carefully "taken up" or se-

lected, will produce a cast steel which
combines the greatest amount of hard-

ness with the maximum amount of elas-

ticity when hardened. It may, however,,

happen that for certain purposes " sound-

ness " in the bar, the result of absence of

honey-combs in the ingot, may be the

most important quality required in the

steel ; for others, the property of weld-

ing most perfectly may be the sine qua
-non ; or the great evil to be avoided may
be the tendency to water-crack in hard-

ening ; or the steel may be used for some
purpose where it does not require to be
hardened, and the object to be secured is

the combination of the greatest amount
of hardness and toughness when unhard-

ened. In all cases the mode of manu-
facture must be adapted to the objects

which it is most important to secure. In
addition to the mode of operations al-

ready mentioned, there are two other

ways in which the same percentage of

carbon may be secured. You may either

put cut bar iron into the pot, and "fetch

it up " to the required temper with char-

coal, or you may put broken pig iron into

the pot, and " let it down " to the re-

quired temper with cut bar iron. A
fourth modus operandi, which, for most
purposes is the best of all, might be enu-

merated, namely, the selection of blister

steel slightly harder than the temper re-

quired, so as to admit of being slightly
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let down to the exact temper by the ad-

dition of a small quantity of somewhat
milder cast steel scrap.

Bessemer steel or Siemens steel do not

require definition, nor do they come
within the scope of this paper.

The process of converting, or, as it is

generally called in the encyclopaedias, the

process of cementing iron into steel, is

carried on in a converting furnace. This
furnace consists of two stone troughs,

technically called "converting pots," each

of them about 4 feet wide, 4 feet deep,

and 12 feet long, and placed side by side

with a fire underneath them, the flues of

which conduct the heat all around each

pot. These troughs or pots are built up
of slabs of a peculiar kind of firestone,

obtained in the neighborhood of Shef-

field, and possessing the property of not
cracking if heated slowly to a high heat

and allowed to cool slowly. The slabs

are united together with a mortar made
of ground fireclay. Over the two pots
is built a vault of firebrick, and the

whole is enclosed in a dome of red brick,

to prevent as much as possible the heat
from escaping. At the bottom of each
pot is placed a layer of charcoal, broken
up into small pieces, from a quarter to

half an inch square. On this a layer of

bars of iron is placed, which is covered
with charcoal ; another row of bars

of iron follows, and so on until the

pot is filled with alternate layers of

charcoal and iron ; it is then carefully

closed with a thick cover of "wheel-
swarf," a silicious species of mud which
accumulates at the troughs of the Shef-

field grinding wheels, and is, of course,

the material of the grindstone, worn
away in the process of grinding, and
mixed with the finest steel dust which
has been ground away, a substance which
will resist long exposure to great heat,

and renders the top of the pot practically

air tight. In order to test the progress
of conversion, and to ascertain the pre-

cise moment when the fire should be al-

lowed to go out, two or three bars of

iron are allowed to protrude through a

hole in one of the pots made for the
purpose. These bars, technically called
" tap bars," are drawn and inspected at

or near the close of the process, and are

tightly packed in white ashes where they
pass through the end of the converting
pot, so that no air may find its way to

the charcoal inside. The converting

pots, full of alternate layers of iron and
charcoal, and for all practical purposes
hermetically sealed, are gradually raised

to nearly a white heat, and kept at about
that temperature for a week or more,
according to the amount of carbonization

required. Another week is occupied in

the process of cooling, which must be
done slowly, in order to prevent the pots

from cracking, after which the cover is

broken up and removed, and the bars,

which went into the furnace bars of iron,

are taken out of it bars of " blister steel,''

so called from the bubbles or blisters

which have arisen on the surface during
the process of conversion. Some of the

charcoal has been consumed during the

week at which it was white hot, but a

considerable portion of it remains, and
is taken out of the furnaces as black

as it went in. A chemical change
in the composition of the bars has

taken place. They were originally

pure iron, or nearly so, containing,

perhaps, one-quarter per cent, of carbon,

or less, were fibrous in their structure,

and would bend double without breaking.

After the process of conversion they have
become a carburet or carbide of iron or

steel, containing from half to one and a-

half per cent, of carbon, according to the

length of time they have been in the

furnace and the degree of heat to which
they have been subjected. They are now
more or less crystalline in their structure,

and can be broken by a slight blow of

the hammer. The converting furnaces

in use in Sheffield vary in size, some hold-

ing as much as thirty tons of iron, and
others not more than fifteen tons. The
iron gains slightly in weight by being
converted into steel. The process occu-

pies about three weeks, and a pair of pots

may be used from twenty to forty times

before they are worn out and have to be
replaced by new ones.

As in every other process connected
with the manufacture of steel, in the pro-

cess of conversion it has to run the

gauntlet of many perils. Sometimes the

pots crack, air is admitted to the furnace,

the charcoal is burnt, and in bad cases

even the iron is oxidized. Bars which have

thus missed conversion are technically

said to be " aired," and even when very

slightly affected may be easily discovered,

in consequence of their having almost lost
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the tendency to become rusty. If the

furnace be raised to too high a heat the

surface of the bars will melt, and when
they are drawn it will appear "glazed."

There are even instances handed down
by tradition in Sheffield of unskillful

converters, who had heated the furnace

under their care to such a degree that

the whole mass of iron and charcoal had
become fused together, and the end of

the furnace had to be taken out to re-

move the contents. During the process

of conversion the outside of the bar of

iron is turned into steel the first, and in

a spring heat the center of the bar re-

mains iron, though when the bar is broken
the crystals of iron have lost their bril-

liancy ; in technical language, the bar is

said to be full of " sap," though the sap
is " killed,'' and no longer looks " raw "

or " stares." In a country heat the sap
is still more killed, and the crystals of

steel on the edges have become more dis-

tinct. In a single-shear heat the fracture

shows more steel on the outside, and
less iron in the center, until, in a double-
shear heat, the fracture shows about
equal proportions of iron and steel. It

is important that the transition from one
to the other should be as gradual as pos-
sible. When the line of demarkation is

violent or sudden, the process of conver-

sion has been carried on too rapidly, and
bars of blister steel so converted are

said to be " flushed." In a steel through
heat, as its name implies, all trace of iron

in the fracture has been lost sight of,

but the crystals of steel are small. A
short time longer in the furnace will

make the steel a melting heat ; the crys-

tals will be large, and in exceptional

cases their facets will reach across the
bar. The melting furnace consists of a

row of oval melting holes, large enough
to contain two melting pots, one in front

of the other, and deep enough to allow
of sufficient coke to cover the lids. From
each melting hole a flue leads, in old-

fashioned furnaces, into a flat stack, each
hole having a separate flue in the stack,

but many furnaces are now made with
short flues from each hole leading into a
main flue which ends in a single square
chimney. The application of gas to the
melting of steel has been successful, but
for the highest qualities coke is princi-

pally used, as the control which the
melter has over the temperature of each

pot, which sometimes requires " keeping
back'' and sometimes "huirying on,"

is supposed to be more absolute. There
can be little doubt, however, that the
adoption of gas melting furnaces is only
a question of time. The furnace floor is

on a level with the top of the melting
holes ; and the grate bars, as well as a
flue leading into the chimney, by which
the draft may be controlled, are access-

ible from the cellar. The pots in which
the steel is melted are generally made in

a room adjoining the melting furnace.

They are composed of a mixture of Bur-
ton and Stannington clay, to which is

sometimes added a proportion of Stour-
bridge clay, and, if the pots are required
to stand a great heat, of China clay from
Devonshire. A small quantity of ground
coke, as well as of old pots ground, is

also added. Great care is taken that the

clay be absolutely disintegrated and per-

fectly mixed together. This is accom-
plished by treading it in a trough, the

potmaker and his assistant kneading it

with their bare feet. The pots are

moulded in an iron "flask" by means of

a wooden " plug," and are slowly dried at

the back of the stack, and the night be-

fore they are used gradually heated to a

dull red heat, a process called annealing.

Pot-making is a very important pari; of

the manufacture of best cast steel. It is

absolutely impossible to make good cast

steel if the pots are defective. Each pot
lasts a single day, and is used three

times, containing severally about 50, 44
and 38 lbs. of steel each round. The ob-

ject of lessening the weight of each suc-

cessive charge is to bring the surface of

the molten metal to a different place in

the pot, because the "flux," or scum,
which accumulates on the surface has a

chemical action on the silica of the pot,

which is consequently decomposed for

some depth just at that point, and the

pot is reduced in thickness.

The bar steel is first carefully selected

of the exact temper required, all flushed

or aired bars are rejected, and after it

has been broken up into small pieces and
carefully weighed, it is conveyed to the

pot, which has already been placed in the

melting hole, through an iron funnel

called a charger. The lid is carefully

adjusted, and the melting hole filled with
coke. The degree of heat to which
the furnace is allowed to go is care-
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fully regulated by the " puller-out,"

who is technically said to " work " the

holes, and who has perfect control over

them by means of the two flues, into

either of which he can insert a firebrick

if required ; a brick in the melting hole

flue lessens the heat by lessening the

draft ; one in the cellar flue increases the

heat by increasing the draft. The head
melter periodically inspects the pots, and
gives the final instructions to the puller-

out, and decides the precise moment
when the steel is dead melted, and the

holes sufficiently burnt down to allow of

its being " teemed " or poured into the

mould with a fair chance of producing a

sound ingot. When the "puller-out"
has put on his "clothes," by which is

meant a series of sacking wraps which
envelop the arms and legs, and are soaked
with water to protect him from the heat,

he raises the pot with a pair of " pulling-

out tongs," and lifts it from the hole to

the floor of the furnace. The lid is in-

stantly taken off with a pair of lid tongs,

and the scum or flux is removed by a

skimmer from the surface of the molten
steel, which is then poured into a cast-

iron mould formed of two halves tightly

ringed and wedged together. The in-

terior of the mould has been previously
" reeked" or covered with a coat of coal-

tar soot, to prevent the ingot from ad-

hering to it. The melting of the higher
qualities of steel is a process requiring

the greatest skill, and one of the princi-

pal reasons why the trade has become to

such a remarkable extent localized in

Sheffield, is the importance to this

branch of the trade of being able to se-

lect from a large class of more or less ex-

perienced workmen, the few exceptional

men in whom sound judgment, technical

skill, and steady habits are combined.
The chances of accident in the melting
of steel are many and various. Not only

badly made pots, but badly annealed or

badly worked pots, are sure to "run,"
and the steel to be deposited amongst
the ashes, where it imbibes so much sul-

phur as to be practically of no value.

Should a piece of coke accidentally find

its way into the pot, the ingot will show
a bright sparkling fracture—technically

speaking it will be said to " stare "—and
under the hammer will prove "hot short,"

and crumble to pieces. If the steel be
not long enough in the fire, it will teem

fiery and produce a honeycombed ingot,

and the same result will follow if it be
too hot when it is poured. If it remain too

long in the fire it will teem " dead," " the
fracture of the ingot will look scorched,"
and though exceptionally sound, it "will

be brittle if hard, and wanting in tensile

strength if mild. If the molten steel be
chilled before it is poured into the mould,
which may be detected by the stream
skimming over as it is teemed, the frac-

ture of the ingot will appear dull in

color, and full of small holes or honey-
combs.

All ingots having a proportion of 1 per
cent, or more of carbon, if properly
melted with pipe, that is to say, the steel

in the center of the ingot will settle

down as it cools, leaving a hollow space
in the middle at the top of the ingot to
the depth of from 3 to 5 inches. When
the ingot has become cold it must be top-

ped, that is to say, the hollow part must
be broken off, until the ingot shows a
sound fracture, and before this fracture

has had time to rust, the ingots. must be
carefully examined ; the ingots which are

not properly melted must be rejected,

and the exact percentage of carbon which
each ingot contains must be marked upon
it. An experienced eye can judge of the

percentage of carbon contained in an in-

got to a wonderful nicety by the appear-

ance of the fracture. Between 1 per
cent, of carbon and 1|- per cent, every

tenth per cent, is well marked, and an
experienced hand will detect a difference

between, for example, 1.3 and 1.35 per
cent. In order to reduce the ingot of

cast steel to the size and shape required

by the consumer, it must be reheated,

and, when hot enough, hammered or

rolled to the dimensions ordered. Great
care must be exercised in this process

not to burn or overheat the steel : and,,

to prevent this, the half " cogged " bar

must be continually turned round in the

fire, and ground fireclay or sand and borax
sprinkled upon it. In many cases it is

necessary to give the surface of the bar,

after it has been once drawn down under
the hammer, a welding or "wash" heat,

to close the small honeycombs which are

scattered here and there on the surface

of the ingot. It is a matter of great im-
portance, especially with large ingots,

that they should not be hammered until

they are thoroughly heated or " soaked "
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through, and it is of equal importance to

all ingots that they should not lie too

long " soaking " in the fire, especially in

a dry fire, that is, one without blaze. The
effect of hammering steel is to make it

crystallize in very small crystals, a result

which greatly improves its quality, but at

the same time exposes it to the risk of

various accidents in the process. The
forging, tilting, and rolling of cast steel

all require very experienced workmen,
and a considei'able outlay of expensive

machinery. It is seldom that a work-
man attains exceptional skill in many de
partments, and great loss is sustained by
too often changing faces or rolls, so that

these processes cannot be satisfactorily

or cheaply carried on upon a small scale,

and this is one of the chief reasons why
the crucible cast steel trade has to such
a large extent become localized in a

single town.

It might be supposed that when the

best quality of iron had been selected,

and the greatest care used in all the
processes of manufacture—the convert-

ing, the melting, and the forging—the

result must of necessity be good steel,

and the troubles of the steel manufac-
turer would be over. But this is not the

case by any means. So far from being
over, the greatest difficulty has yet to be
faced. The result may be good steel,

but good steel only for certain purposes.
There was a time, in the golden age of

steel manufacturing, when steel was
steel ; and if it did not answer the purpose
for which it was required, it was taken
for granted that the fault lay with the
workman. In some cases the manufac-
turer altered the percentage of carbon

;

but the " temper " of the steel was kept
a profound secret from the consumer

—

in most cases, no doubt, because the

manufacturer had very vague ideas on
the subject himself. Chemical analysis

was unknown in the trade ; the despotic
sway of the rule of thumb reigned su-

preme. Now it is customary for the
manufacturer to take the customer into

his confidence, and not only to inform
him of the percentage of carbon which
the steel contains, but also to give him
the benefit of his opinion as to the pur-
poses for which it is or is not suitable.

Formerly, if the consumer discovered
that chisel steel contained less carbon
than tool steel, he owed his discovery en-

tirely to his own wit. There can be no
doubt that for many purposes a consid-
erable latitude may be permitted, if the
steel has the good fortune to fall into the
hands of a clever workman who under-
stands how to "humor" it, but next to
quality—by which is meant percentage of

phosphorus, sulphur, &c, combined with
some other obscure points of crystalliza-

tion— the most important thing is tem-
per, or percentage of carbon. For some
purposes, indeed, temper is of more im-
portance than quality. Nothing is more
common than for steel to be rejected as

bad in quality, because it has been used
for a purpose for which the temper was
unsuitable. We may divide consumers
of steel into three classes. . First, those
who use their own judgment of what per-

centage of carbon they require, and in-

struct the manufacturer to send them
steel of a specified temper ; second, those
who leave the selection of the temper to

the judgment of the manufacturer, and
instruct him to send them steel for a
specified purpose ; and third, those who
simply order steel of a specified size,

leaving the manufacturer to guess for

what purpose it is required. Fortunately,

the size and shape generally furnish some
clue to the purpose for which it is likely

to be used. For' example, oval steel is

almost sure to be used for chisels, and
small squares for turning tools, but 1|
square may be used for a turning tool or

a cold sett, or 1^ round for a drill or a

boiler cup, and the manufacturer has to

puzzle his brain to discover whether the
chances are in favor of its being used
in the lathe room or in the blacksmith's

shop. It cannot too often be reiterated

of how much importance it is, when
ordering steel, to state the purpose for

which it is going to be used. Of course
the number of tempers of steel is infinite,

but the following is a list of the most
useful :

Razor temper (1^- per cent, carbon).

—

This steel is so easily burnt by being
over-heated that it can only be placed in

the hands of a very skillful workman.
When properly heated, it will do twice

the work of ordinary tool steel for turn-

ing chilled rolls, &c.

Sawfile temper (If per cent, carbon).

—

This steel requires careful treatment;
and although it will stand more fire than
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razor-steel, should not be heated above a

cherry-red.

Tool temper (1| per cent, carbon.)—
The most useful temper for turning tools,

drills, and planing-machine tools in the

hands of ordinary workmen. It is pos-

sible to weld cast steel of this temper,
but only with the greatest care and
skill.

Spindle temper (1£ per cent, carbon).

—

A very useful temper for circular cutters,

very large turning tools, taps, screwing
dies, &c. This temper requires consider-

able care in welding.

Chisel temper (1 per cent, carbon).

—

An extremely useful temper, combining
as it does great toughness in the unhard-
ened state, with the capacity of harden-
ing at a low heat. It is consequently well

adapted for tools when the unhardened
part is required to stand the blow of a

hammer without snipping, but where a
hard cutting edge is required, such as

cold chisels, hot setts, &c.
Sett temper (£ per cent, carbon).—This

temper is adapted for tools where the
chief punishment is on the unhardened
part, such as cold setts, which have to

stand the blows of a very heavy ham-
mer.

Die temper (f per cent, carbon).—The
most suitable temper for tools where
the surface only is required to be hard,

and where the capacity to withstand great
pressure is of importance, such as stamp-
ing or pressing dies, boiler cups, &c.
Both the last two tempers may be easily

welded by a mechanic accustomed to weld
cast steel.

It is a somewhat remarkable fact that
although steel is intermediate in chemical
composition between wrought iron and
cast iron, containing more carbon than
the one and less than the other, its prop-
erties are quite different from either of

them. It may be made to resemble either

of them alternately, but it is principally

used in a third condition, in its capacity

to assume which the great value of steel

consists. Annealed steel has nearly all

the properties of lead, being very soft

and malleable. Hardened steel has near-
ly all the properties of glass, being very
hard and brittle. Tempered steel has
most of the properties of whalebone, be-
ing hard but at the same time elastic.

The chemical change which takes place
during these processes has not yet been

Vol. XXXI.—No. 6—35

discovered. We might evolve a very
pretty theory to account for it, by as-

suming that in the process of annealing

some of the combined carbon was liber-

ated, and existed in the steel in the form
of free or uncombined carbon ; but such
a theory only explains part of the facts,

and is not, I am afraid, borne out by the

results of chemical analysis, so that we
must fall back upon the mysterious and
unknown laws of crystalization. The
effect cannot be due simply to the in-

creased density of the hardened steel

caused by the contraction of the steel by
sudden cooling. It is a remarkable fact

that the specific gravity of hardened
steel is less than that of unhardened steel.

Steel, of course, expands with heat, and
when it is allowed to cool slowly regains

its original size ; but if it be cooled sud-

denly, the only known way in which it

can be hardened, although it contracts

very much, it does not quite reach the

small size of the unhardened state. How-
ever complicated the details of the manu-
facture of cast steel may be the complica-

tions involved in its subsequent use are

still greater. It would be impossible to

lay down exact rules for each of the

thousand and one tools in which steel is

used. The treatment of each tool in

each process which it undergoes is an art

that C:in only be learnt by practice, and
can no more be taught in a book than the

arts of skating, riding, or swimming. The
utmost that can be done is to lay down
certain general rules, which may explain

to some extent, if they fail to teach, the

most important details of manipulation.

All steel may be regarded as involving a

question of compromise. Each tool re-

quires a certain degree of hardness ; the

problem is how to secure the maximum
amount of toughness that is compatible
with it. To secure this, the first step

that must be taken in bringing the steel

into the shape required is to heat the

steel as little as may be before it is

forged, and in the process of forging to

hammer it as much as possible. The
worst fault that can be committed is to

heat the steel more than is necessary.

Wnen steel is heated it becomes coarse-

grained ; its silky texture is lost, and can

only be restored by hammering or sud-

den cooling. If the temperature be
raised above a certain point, the steel be-

comes what is technically called " burnt."
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and the amount of hammering' which it

would require to restore its fine grain

would reduce it to a size too small for the

required tool, and the steel must be con-

demned as spoilt. Overheating in the

fire is also the primary cause of cracking

in the water. One of the principal rea-

sons why a high quality of steel is re-

quired for certain purposes is, that it will

suffer less injury by being heated to a

greater degree, or by being heated and
reheated a greater number of times, than
inferior qualities of steel. In heating steel

the happy medium must be attained be-

tween heating it too much or too little, and
between letting it lie too long " soaking " in

the fire and not " soaking " it through.

Both the degree of temperature and the

duration of the heat must be carefully

watched. Some tools, such as circular

cutters, files, &c, after they are forged
into the shape required, must have teetb

cut into them. Before this can be suc-

cessfully accomplished a preliminary

process has to be gone through. The
22>rocess of hammering or forging the

steel into the shape required has hard-

ened it to such an extent as to make the

cutting of teeth into it impossible or

difficult, and it must consequently be an-

nealed. This process consists in reheat-

ing the steel as carefully as before, and
afterwards allowing it to cool as slowly

as possible. Many tools are only required

to be hardened on a small part of their

surface, and it is important that the un-
hardened parts should possess the maxi-
mum amount of toughness, the minimum
amount of brittleness that can be at-

tained. The process of annealing, or

slow-cooling, leaves the steel coarse-

grained, gives it its maximum of ductil-

ity, and causes it, in fact, to approach in

its properties those of lead.

The last process in the manufacture of

articles made of steel, where the invalu-

able property which distinguishes steel

from wrought iron or cast metal is re-

vealed, is the double process of hardening
and tempering, by which we suddenly
change the steel from lead into glass, and
afterwards gently change the glass into
whalebone. In these as in all other
processes which steel has to undergo, it

has again to run the gauntlet of fire. It
does so, however, at much greater risk

than heretofore. The forging of the
tool is finished; it has taken the final

shape to which it was destined ; and any
injury which may be done to it by over-

heating is irrevocable, and can no longer
be cured or mitigated by the hiunmer. It

is necessary, therefore, to double and re-

double the care bestowed upon the heat-

ing of the steel, lest the temperature be
raised beyond the point necessary to se-

cure the required hardness. The part of

the steel required to be hardened must
be heated through and heated evenly, but
must on no account be overheated. The
tool must be finished at one blow, the

blow caused by the sudden contraction

of the steel produced by its sudden cool-

ing in the water, and if this blow be not
sufficient to give to the steel a fine grain

and a silky texture, if after the blow is

given the fracture (were the tool broken
in the hardened part) would show a
coarse grain and dull color instead of a

fine grain and glossy luster, the tool is

spoiled, the labor bestowed upon it is

thrown away, and it must be consigned
to the limbo of " wasters." The special

dangers to be avoided in hardening each

kind of tool must be learned by experi-

ence. Some tools will warp, or " skeller,"

as we say in Yorkshire, if they are

not plunged into the water in a certain

way. Tools of one shape must cut the

water like a knife ; those of another shape

must stab it like a dagger. Some tools

must be hardened in a saturated solution

of salt, the older the better ; whilst others

are best hardened under a stream of run-

ning water. Most tools have a tendency
to water-crack if taken out of the water
before they are absolutely cold. Where
the edge of a tool only is hardened care

should be taken to move it up and down
in the water, so as continually to change
the water level lest the tool should crack

at the water level. Steel contracts in

hardening, and contracts differently

where it is cooled suddenly from the

places where it is cooled slowly. If the

hardened part joins the unhardened part

too suddenly, the steel at the junction

will be in a dangerous condition of ten-

sion, which predisposes it to crack, audit

is wise to lessen the amount of tension

by distributing it over as great an area as

possible. In some tools, where the shape

necessitates a great difference in the

rapidity of the cooling of the various

parts, it is often wise to drill holes in the

thicker parts, where they will not inter-
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fere with the use of the tool—holes which
are made neither for use nor ornament,

but solely with a view of equalizing the

rapidity of the cooling of the various

parts, so as to distribute the area of ten-

sion, and thus lessen the risk of cracking

in hardening. So many causes may pro-

duce water-cracks, that it is often diffi-

cult to point out the precise cause in

any given case. The most common
cause is the overheating of the steel in

one or other of the various processes

through which it has to pass. A second

cause may be found in the over-melting

or too long boiling of the steel, causing

it to part with too much of its occluded
carbonic acid, a fault which may be
attributed to the anxiety of the manufac-
turer to escape honeycombs in the ingot.

A third cause may sometimes be discov-

ered in the addition of too much man-
ganese, added with the same motive. A
fourth cause may, curiously enough,
prove to be a deficiency of carbon, one of

the most common causes of water-crack-

ing in files ; whilst hi some cases too

much carbon will produce the same effect.

A fifth cause may be one which, as a steel

manufacturer, I ought to mention in a
whisper—the presence of phosphorus in

the steel ; but, after all, this may not be
the fault of a too greedy manufacturer,
who wants to make too much profit ; it

may possibly be the fault of a too stingy

consumer, who will not pay a price suffi-

cient to admit of a good quality of iron

being used. There is nothing so dear as

cheap steel. It must be more economical
to put five shillings' worth of labor upon
steel that costs a shilling, to produce a

tool that will last a week, than to put the
same value of labor upon steel that costs

only ninepence, to produce a tool that

will only last a day. The system adopted
by some large consumers of buying best
tool steel by tender, is one which in too
many cases defeats the object for which
it was instituted, and by lessening the
price, and consequently deteriorating the
quality, causes the steel bill to be appar-
ently lessened at the cost of the labor
bill, so that extravagance instead of

economy is the result. In fact it is an
illustration of the proverb about being
" penny wise and pound foolish." Scores
of firms in the steel trade habitually

offer best cast steel at prices varying
from forty to forty-five pounds a ton.

The statement that the steel supplied is

the best that can be made may be accu-

rately described by an ugly little word of

three letters, and the firms which make
it are liable to be suspected of " voluntary
inaccuracy.''

The culminating point in the manufac-
ture of tools made from steel, the final

process which gives to them their most
valuable properties—properties possessed
by no other metallic substance—is that

of tempering. The steel was originally

lead; the process of hardening has
turned it into glass ; but we do not want
glass—it is too brittle ; we want whale-

bone. An unhardened knife would bend
like wrought iron ; a knife hardened only

would break like cast metal. "We want
the elasticity of the whalebone. Our
knife must spring like—like what ?—like

steel. To attain this quality it must be
tempered. If a piece of hardened steel

be heated slightly and then allowed to

cool, it becomes tempered. It suddenly
changes from glass to whalebone, and in

the process of changing its nature it

fortunately changes its color, so that the

workman can judge by the color which it

has assumed the extent of the elasticity

which it has acquired, and can then give

to each tool the particular degree of tem-
per which is most adapted to its special

purpose. The various colors through
which tempered steel successively passes

are as follows—straw, gold, chocolate,

purple, violet and blue. Of course in

passing from one color to another, the

steel passes through the intermediate

colors. It really passes through an in-

finite series of colors, of which the six

above mentioned are arbitrarily selected

as convenient stages. It must be borne
in mind that the elasticity of tempered
steel is acquired at the expense of its

hardness. It is supposed that the maxi-

mum of elasticity and hardness com-
bined is obtained by tempering down to

a straw color. In tempering steel, re-

gard must be had to the quality most es-

sential in the special tool to be tempered.

For example, a turning tool is required

to be very hard, and is generally taken

hot enough out of the water to temper
itself down to a degree so slight tiiat

no perceptible color is apparent ; whilst

a spring is required to be very elastic,

and may be tempered down to a blue.

Hardening- m oil is a mode of treating
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steel which is of special value for certain i

tools, and appears, to a certain extent, to !

attain by one process the change from ,

lead into whalebone without the passage
j

through the intermediate glass stage. It
|

is unfortunately not yet possible to give

any scientific explanation of the change
which takes place in the hardening and
tempering of steel. All that chemists

can yet do is to mystify their readers by
writing unintelligibly about molecular

rearrangement and crystalline transforma-

tion.

In speaking of the various foreign

substances which are found in cast steel,

I have confined myself, for the most part,

to those which are supposed to be inju-

rious to its quality ; but before I close

my paper, a word or two must be said

upon the various materials which are add-

ed to cast steel with the intention of im-

proving it. If the steel manufacturers of

Sheffield are not doctors of chemistry,

they most of them practice as quacks.

It has ever been a darling dream of the

Sheffield steel melter to discover some
substance—some philosopher's stone

—

which will transmute common cast steel

into best cast steel. The various sub-

stances used in the melting of ca»t steel,

and supposed to have a chemical effect

upon the material melted, are known by
the technical name of "physic." The
most universally used of these is perox-

ide of manganese, mixed with a little

ground charcoal. Common salt, rock

salt, salammoniac, chromate of potash,

prussiate of potash, and even ground
fluor spar and broken glass, form ingre-

dients of the physic used by some steel

melters. Manganese, either in the form
of spiegeleisen, or of ferro-manganese, is

also largely used, and has a definite effect

upon the steel, it prevents, to a large ex-

tent, the formation of honeycombs in the

ingot, and increases the welding capacity

of the steel ; it gives the steel a greater

tenacity when hot, so that it may be heat-

ed to a greater heat without cracking un-
der the blow of the hammer or the ten-

sion of the rolls ; but it must be very
cautiously used, as it undoubtedly in-

creases the brittleness of the steel, and
its tendency to water-crack, if it be added
in the melting pot, instead of being pre-

viously suffused through the iron. Sili-

con is even more dangerous ; it causes
the steel to crystallize in smaller crystals

;

it materially assists its capacity to receive

a high polish ; it increases its soundness,
but makes it more brittle. W olfram, or

tungsten, added in the form of a metallic

alloy, is used to a considerable extent in

the manufacture of a special steel, some-
times called Musbet steel, which is fre-

quently made so hard that it does not re-

quire to be hardened. It is used princi-

pally for turning tools, which, in conse-

quence of the temper of the steel not
being liable to injury by heat, can be
driven at a higher speed than usual.

Special steel of this kind is the finest

grained that can be produced, but is so

brittle that it can only be used by excep-

tionally skilled workmen. Chromium is

sometimes used instead of wolfram, and
it is said that titanium is also employed,
but I am not aware that any of the latter

metal has yet been detected in steel by
chemical analysis. A special steel for

taps, called mild-centered cast steel, is

made by converting a cogged ingot of

mild cast steel so that the additional car-

bon only penetrates a short distance.

These bars are afterwards hammered or

rolled down to the size required, and
have the advantage of possessing a hard
surface without losing the toughness of

the mild center.

It is much to be regretted that no
easy method of testing cast steel has

been invented. The amount of breaking

strain, and the extent of the contractions

of the area of fracture, give valuable in-

formation respecting iron or steel which
is not hardened, and is not required to be
used in a hardened state, but for hard-

ened and tempered steel they are practi-

cally useless. It is very difficult to harden
and temper two pieces of steel to ex-

actly the same degree. A single test is

of comparatively small value, as a second-

rate quality of steel may stand very well

the first time that it is hardened, but de-

teriorates much more rapidly every time

it is rehardened than is the case with
steel of a high quality. Nor is the

breaking strain a fair test of the quality

of cast steel. For many tools the ca-

pacity to withstand a high amount of

breaking strain, slowly applied, is not so

much required as its capacity to with-

stand a sudden shock. The appearance
of the fracture of cast steel is also very

illusory. The fineness of the grain and
the silkiness of the gloss are very capti-
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vating to the eye, but can be produced
by hammering the bar until it is almost
cold.

The consumer of steel may be en-

raptured, if he be of a poetical turn of

mind, by the superb fracture of a bar of

steel, reminding him of a picture by
Ruskin of the aiguille structure of the

higher Alps. But, after all, this is only

a dodge, depending upon the inclination

of the axis of the revolving hammer to

the plane of the anvil. The practical

consumer of steel must descend from the

heights of art and science and take

refuge in the commonplace of the rule of

thumb, and buy the steel which he finds

by experience to be full of " nature " and
"body." If I have been successful in

my attempt to explain the art and mys-
tery of crucible cast steel making, you
will have understood that the converting,

melting and forging of steel are three

arts, each of which requires as much
dexterity as the arts of skating, riding or

swimming. To arrive at perfection in

these arts is difficult to those who do
not inherit from skilled ancestors the fa-

cility to learn them ; hence the trade lias

become localized in a few centers, of

which Sheffield is the oldest and by far

the most important. The arts of forg-

ing, hardening and tempering, which are

necessary for the further manipulation
of the steel after it leaves the hands of

the manufacturer in Sheffield require

equal dexterity, so that the art of steel-

making, if not mysterious, is very compli-

cated. The real mystery lies in the

chemical explanation of the effects pro-

duced, and when chemists have explained

the phenomena of hardening and temper-
ing steel, they may possibly discover why
cast steel made from Dannemora iron is

superior to the imitations of it. At pres-

ent I presume that the candid chemist
must admit that there are more things in

best crucible cast steel than are dreamt
of in his philosophy.

THE CAUSES AND REMEDIES OF CORROSION IN MARINE
BOILERS.

By J. HARRY HALLETT.

From "Iron."

Marine engineers are all striving in

various ways to attain increased economy
of fuel in steamers. Among other means
of doing so, triple-expansion engines of

high initial pressure are being introduced,
which appear to be gaining much favor,

and will no doubt in time supersede the
ordinary two- cylinder type. The in-

creased pressure of steam evidently ren-

ders it necessary to be still more guarded
than hitherto as to the deterioration of

boilers. Steel boilers are now in very
general use, and there can be no doubt as

to their efficiency ; but the writer's experi-

ence is that they are equally liable with
iron boilers to corrosive influences. On
careful scrutiny he has found in steel

plates severe corrosion concealed by a
very slight scale, upon the removal of

which the plate has proved to be covered
with a black substance, probably a black
oxide of iron. In many cases a casual in-

spection may fail to detect this. Internal

corrosion is well known to be most erratic

in its action ; it attacks the metal in dif-

ferent parts of the boiler, in different

ways, and from various causes. The
principal sources of corrosion, however,

may be discussed under the two heads of

defective design and defective manage-
ment : which is equivalent to saying that

an ordinary marine boiler will hardly be
subject to corrosion at all, if well designed
and well managed.

Design.—The most frequent fault of

design which bears upon corrosion is the

want of sufficient space for allowing a

thorough examination to be made of every

part of the boiler. The tubes are often

placed so far out in the wings that it is

impossible to get down to look at the
sides of the furnaces, or so close to the

furnace crowns that there is no room to

get over these. It would be preferable

to allow at least nine inches between each

furnace crown and the bottom row of
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tubes, especially as this row is not useful

as heating siu'face when placed so close

down to the crown. The manholes are

often inconveniently placed and made too
small, which always affords an excuse for

want of proper attention on the part of

the men in charge. Manholes should al-

ways be fitted in the wings if the size of

boiler will allow. There can be no doubt
that the best way to prolong the life of a
boiler is to watch it carefully and constant-

ly, so as to note the commencement of

deterioration and take steps to check it.

In any part which cannot be seen, it is

impossible to know what is going on. An-
other fault of design, which easily escapes
notice until too late, is the pitching of the
steam-space stays, so that one or perhaps
several of them come over a space, instead
of over a tube, thus rendering the effec-

tive use of the scaling tool very difficult,

or even impossible in that particular verti-

cal space. With the object of securing the
conventional 20 square feet of heating sur-

face per horse-power, the tubes are some-
times too closely pitched, which causes
bad circulation, besides rendering the
spaces liable to become soon choked with
scale. The tubes should never be less

than 1J inch apart, both vertically and
horizontally.

Management.—The first point to be
looked to in the management of a boiler

is the circulation. In an ordinary multi-
bular marine boiler the circulation takes
place by the water ascending from the
furnace crowns, and from the sides, backs,
and fronts of the combustion chambers,
and descending at the wings; the tubes do,

of course, somewhat obstruct the upward
current. There can be no doubt that the
coolest places in the boiler are those
where the circulation is most defective,

as is naturally the case below the level of
the fire-bars. The water in this part of
the boiler always contains the greatest
percentage of solid matter, and here the
greatest deterioration may, therefore, be
expected to be found. Double-ended
boilers are not only subject to the same
corrosive action as single-ended ones, but
being longer they are also more prone to
suffer from racking strains, due to the
difference of temperature between their
upper and lower parts. One method of
reducing this difference as far as possible,
is to fit the internal feed-pipe so that it is

led along on a level with the upper tubes,

so as first to warm the water inside it,

and is thence carried down so as to dis-

charge the warmed water in a horizontal

direction at the bottom of the boiler. The
scum pipe should be fitted with a pan,
shaped like an inverted saucer, and placed
just above the level of the water for the

scum to collect under it ; and it should
always be blown off upon raising steam,

and also about once a day when under
weigh. The blow-off cock should either

be attached at the bottom of the boiler,

or else an internal pipe should be fitted

to it, reaching down to the very bot-

tom. Salt is not deposited until the

density of the water exceeds 4-32ds by
the salinometer, that is, until there is

more than 4 lbs. of salt in 32 lbs. of water

;

beyond this proportion the deposition

of salt then begins upon the furnace

crowns, &c. It is recommended that the

opportunities occurring from time to time

by the engines being stopped should be
taken advantage of for pumping up the

boiler to the top of the gauge glass, and
then blowing it down to the bottom of

the glass. This, repeated about twice or

thrice on each occasion, will work won-
ders. The great usefulness of this plan

arises from the fact that while the engines

are stopped there is little or no steam be-

ing made, and therefore no solid matter
is being deposited from the water ; so that

the extra feed-water pumped in at that

time does much more to freshen the boil-

er than it would if the engines were at

work. When in charge of the engines of

a steamer on a voyage from England to

Rangoon, calling at several ports on the

way, and thence to Venice, the writer

kept water in the boilers continuously

during the whole round ; that is to say

the boilers were never entirely run out

and refilled, but were blown down from
time to time as above described. They
were under steam about seventy-two

days, and upon being opened out at the

end of that time had only a slight scale

upon them of uniform thickness, and no
indication of pitting or corrosion.

The mode of treatment adopted by the

writer for new boilers is to have them
well washed out before filling, then to

run them up, and when they are filled

with water up to the normal height, to

throw into each through the top manhole
about a bucketful of common soda. When
steam is raised to about 30 lbs. per square
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inch, blow out a little through the scum
cock. Before adding any more water,

start the feed donkey, and let it deliver

for sometime over the side of the ship, so

as to get rid of any dirt, &c, in the pump
;

this is a very useful precaution to observe

whenever the feed donkey is employed.
After starting the main engines, let them
run at first with the feed water overflowing

from the hot well into the bilges ; this

will clear the condenser. When under
weigh, it is advisable to use the blow-
down cocks sparingly. The appearance
of the water in the gauge glass shows at

a glance the state of the water in the boil-

er ; if the glass is at all dirty inside, that

is proof positive of the water not being
clean enough ; and this can be cured by the

use of the scum cock. In a double-ended
boiler a scum pipe should be fitted at

each end. The scum pipes are sometimes
so fitted that their position can be altered

to suit the trim of the ship, which is a

point of far more importance than is gen-

erally imagined. After a run, when steam
is finished with, the water should be
blown out from the bottom and the boilers

then kept thoroughly dry. Before refilling

they should be carefully swept down in-

side, and washed out. There is no doubt
that one of the most active causes of de-

terioration in boilers is the want of proper
care in their treatment. Cases have come
under the author's notice of boilers being
blown down as far only as the level of

the bottom manholes, and refilled, with-

out care being taken to draw the water out
of the bottoms. This process having been
frequently repeated, the water at the bot-

toms became so impregnated that the

heads of the rivets and the lower half of

the compensating rings round the man-
holes were corroded away, while the other
parts of the boilers were in good condi-

tion. Many good boilers are ruined
through careless management, and the

makers are wrongly charged with allow-

ing their work to come from the shop
not properly finished. Another example,
out of numerous cases met with, is that

of a pair of boilers which were fitted some
little time ago with hydro-kin eters, or in-

ternal steam-jet nozzles for stimulating

the circulation of the water in the cooler

places below the furnace flues. Upon a

recent examination the valves of these

appliances were found to be hard and
fast, in consequence of carelessness in

supervision. Another great evil is raising

steam too quickly, and blowing out under
too great a pressure, which cannot b»

strongly condemned. Corrosion in the

upper parts of the boiler is principally

caused by the introduction of oil, tallow,

and other greasy substances from the en-

gines. In all the steamers with which
the writer is connected he has discarded

the use of all oil or other lubricant in the

cylinders, with the most satisfactory re-

sults.

Various remedies have been suggested
for preventing corrosion ; among others,

air-extractors and circulating tubes. Zinc

has been tried, both cast and rolled, and
some engineers report favorably on its

use; but to make it effective, very large

quantities must be used, as it so quickly

oxidizes, and thus loses its protective

qualities. The electrogen of Mr. Han-
nay's invention, which is rapidly gain-

ing favor, is a very simple little appliance,

and, as far as the writer has experimented
with it, is very effective. The principle

upon which it works is the setting up of

a small galvanic battery in the boiler, by
mans of a ball of zinc cast upon a copper
bar, and then hammered, to make it more
impervious to the action of the water ; on
each end of the copper bar a wire is sol-

dered, and the two wires are again soldered

to different parts of the boiler, so as to ob-

tain metallic contact. Boilers which had
shown a tendency to corrosion looked
quite healthy in a very short time after

these appliances had been fitted to them.

Marine boilers are not troubled with much
external corrosion, especially modern boil-

ers, because much more care is now taken

in fitting them into the ships than was
formerly the case. They are now prop-

erly coated, and are not fitted too close

down to the bottom of the ship, plenty of

room being allowed for access to the

seams. But that all the mischief to be
contended with is not confined to the

waterside of the boiler is shown by the

following incident. Some four and a half

years ago the writer was called in to sur-

vey a boiler that had exploded and killed

the chief engineer and firemen. TTpon
examination it was foivnd that the bridges

had been built up close to the backs of

the combustion chambers ; the dirt, etc.,

had been allowed to accumulate for some
time, and corrosion had been going on
upon both sides of the plate without be-
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ing noticed. After the accident, when all

had been cleared away, the iron was found
to have oxidized so much that in some
parts it was barely l-16th of an inch thick

;

hence the explosion. The backs had been
so built up for the express purpose of

economising fuel ; but experience goes to

prove that this is a fallacy, and many cases

could be mentioned where similar bridges

have been taken out without making any
difference in consumption of fuel, except

that, if anything, the economy had been in

favor of their absence. There is nothing

like cleanliness to prolong the life of a
boiler. "When a vessel is to be laid up, a

good plan is to pump the boiler full up to

the very top of the dome, and keep it so

until it is again required. Another meth-
od of preserving a boiler not in use is to

empty it and clean it thoroughly, then
close ad the manhole doors except one at

the bottom, put in a small stove full of

burning coke, and close up the bottom
door quickly. The object of both these
methods is, of course, to exclude air as

thoroughly as possible.

GENERAL DISCUSSION OF WIND PRESSURE UPON SPHERI-
CAL, CYLINDRICAL, AND CONICAL SURFACES.

By P. H. PHILBRICK.

Written for Van Nostrand's Engineering Magazine.

Let XYZA represent one fourth of the

windward half of a spherical dome ; XA
the direction of the wind, inclined to the

horizon at angle a\ cde and c'e' two arcs

near together in planes parallel to TAZ,
and O the center of cde.

Fia 1

OA.c=i cKc'—di, r= radius of the dome.

Let P equal the pressure upon a unit

of plane surface normal to the direction

of the wind ; N = the normal pressure

upon any surface ; X, Y, Z, the x, y and z

components of the pressure.

We have, co= r sin. i,

cc'= rdi;

.-. the area of the band

cde=-^- r sin. i,

7T
cde c'e'=-^-r* sin. i di. (1)

According to Duchemin ( see "Annals
of Mathematics," vol. 1, No. 2, p. 47) the

pressure upon a unit area of surface is

-., i being the angle of incidence.
1 + \ tan.

Hence the pressure on the band is

1+^-tan.^

7t
r

2
sin. idi--

sin. i di

2 + tan.Y
(2)

—Vnr cos.
2
i sin. idi

1 -fcos.'i

Yntad cos. i

A-
+ cos.^

d cos. i

—d cos. i

-|- cos. i
d cos. i

tan. cos. i— cos.i > »

'.\ N=P?rr

=P7zWl-^W4292PXf7rr 2=
=.6742Pr 2

. .

On the dome the pressure is

4 N=.4292 P x 27rr
2= 1.3484 Vr\

)-

(4)

(5)

(6)

The average normal pressure is, there-

fore equal to .4292 P= /2-^-)p.
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To find X.
from (4),

We have, <7X=<7N cos. i

v _, a
//cos. id cos. i AX= P7T?' / I

— cos. ^«cos. i)J \ 1 + cos. i 1

[ ) -
=JP7zr2

-j log.(l + cos.^')— cos.
2

z* > « =

= i~P7rr* (1-log. 2)=.6136

Pxi7rr2= .4821Pr2
. . (7)

For the whole wind pressure

4X=.6136 Px7rr 2 ^1.9284Pr2
. . (8)

Hence the X component of the press-

ure is equivalent to a pressure of .6136 P
on each unit of the meridian plane YAZ.
The horizontal shearing strain between

the dome and its supports, which is equal

to the transverse shearing strain of the

supports, is evidently=4X cos. a.

The moment of the wind pressure about
the foot of the supports is equal to 4XA
cos. a, h being the height of the supports.

TO FIND THE COMPONENT Z.

The pressure on the band being con-

stant the Z component of that pressure

will be equal to the pressure multiplied

by the length of the average ordinate

(z say), divided by r. This ordinate is

equal to the distance of the center of grav-

ity of the quadrant cde from co.

Now, z=— Oe--
7t

—r sin.«,

—

7t r
=—sm. ^.

71

Hence,by (3), Z= 2Pr2y
/Bin 2 /_

=2P,2

/(

cos.
2

<i sin. ^idi

1 + cos.
2
i

sin/i

sin.
2
*'-l-l

1 + cosA'

2

~2-£

-di.

in.*» )
di.

(9)

by

partial fractions.

W^i= 2Tr>\ AsmSi + l)*- /*?*"" .K ^
-v/2 + sm.i

f.-X
W2di

Now,J

a/2-

di

similarly. (10)

/y/2 + sin.i'

a/2

'(2-1)4
tan.

_(tan. - +
(2-l)*A 2 a/2

V2~(

2 tan.

"s+ ^)}

Similarly, /"
di

^/2
— sin -*

:2tan.

a/2 (tan. '-——-
)

V 2 v2/

Z=2Pr2
sinj cos. *

+ i- a/2 tan | a/2 (tan. | +—

^

=2Pr 3|^-A/2 taB
- (A/2 + 1)-

-^2 tan." (v2- 1
)
[=2Pr2

Z^-2^/2 tan7
1)

=2Pr2

(^-V2.f)=|P^(3-2V2)

= .3432 P-Xi«r»=. 2695 Pr. (11)

The Z components of the pressure,

above and below the plane XAT, are each

equal to 2Z= .5391Pr2
. . . . (12)

Similarly the Y components on either

side of the plane XAZ are each equal to

2Y=.5391Pr5
(12)

The wind tends, therefore, to compress
and distort the dome laterally and verti-

cally, but not in the direction of the wind.

For a hemispherical dome, with the

wind horizontal, we have from equations

(5), (7) and (11),

2N= .4292 PTrr . . (13)

2X=.6136 PW
2Z= .3432 PW
Y=.3432 PJtt/

2

(15)

(16)

In this case the additional load due to

the wind pressure is, .3432 PAtt;-
2

. given

by (15).

TO FIND THE POINT OF APPLICATION OF X.

The moment of d~X. about A is equal to

rfX multiplied by the distance of the center

of gravity of cde from eO.

2 2 2
.*. dm= d~K.— t-0= <7X

—

rsin.i —— r cos.
It 71 TV

i sin. i d N.
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Hence, by (3) we have, M=2 Pr

sin.*i cos.
3
i clif 1 + cos

sin.
2
z*cos.

s
£ di

(17)

_ T /» sin.7 cos."* «i /»Now / — ^—= / ,

J 1 + COS.
2
*

2 cos.
2
i

cos. %

(i
— COS. zi)di=

+ COS. 4

= / (2 cos.*'— cos.
3
£

2 cos.i

1+cos. 2
*'

= / (2 cos.*'— cos.
3
?') f?i—

2

<i sin.*/
= -j 2 sin.*-

2— sin.H

sin.* cos. i

\dl

(18)

f sm.i +
V2

[log. (V2— sin. i).

[log. (^2 + sin.*)] 4-
J

°

V2 + l_4 1_
"3 V2

4 X
i

--V2
l08V2^/2"°-v'2-l

log. (3 + 2 ^2)=0868

XT
M

NOW — :

A.

M=.1736Pr 3

.1736P?

.4821Pr
= .3601r=Z

(19)

(20)

(21)

Since .3601= sin. 21°6', the point is

21°6' from X on the arc XZ.
In a similar manner we have for Z,

dM'=dZ'r cos. i, which with (9) gives,

t\/t, o-d 3
/cos. 3

* sin.'
2 idi . .M =2 Pr 3 / which is theJ 1 + cos. *

same as (17).

Hence M'=M=.17"36 Pr 3
. . (22)

This follows, indeed, from element-

ary principles ; for, since the pressure
on the dome is normal to the surface, the

total moment about A is equal to zero

;

or the moment of X is equal to the mo-
ment of Z.

Now
M' .1736 P»-a

Z- 8695B---
64*° r

'

(23>

The point is therefore 40°5'27" from Z
on the arc ZX.

Dividing (11) by (7) gives,

lT^=.55901=tan. 29°12'20", the angle
.4821 °

made by the resultant wind pressure with
the horizon.

The moments of X and Z about the

center of the base of the dome being
equal, it follows that the excess of the

moment of X over that of Z about the

foot of the supports, is equal to X/t, h be-

ing the height of the supports. This is

the moment of the force that inclines the

dome to the leeward.

Since the Y and Z components of the

pressure on the part of the dome shown
in the figures are equal, the resultant R
of the normal pressure is,

R= (X 2 + 2Z 2

)
|=2Pr2

[(.4821)
2 + 2

(.2695)
2]^=.6145Pr2

. . (24)

Again, since the sum of the Y compo-
nents on the whole dome is equal to zero,

we have for the resultant of the whole
normal pressure,

R= [(2X) 2 + (2Z)
2]^=Pr2

[(.9642)
2 +

(.5391)
2]^=1.1047 Pr2

. . (25)

The angle between the two partial re-

sultants is given by,

—za a
COS - y=-2R 2

- =X^2Z2= -6154 "

.-.6= 52° 1'. The partial resultants there-

fore, make an angle of 26°30" with the

plane XZ.

The pressure on the plane XZ is, there-

fore, R sin. 26°30"= .6145 PR 2 X .4385

= .2695PR2

, which is the pressure in the

direction YA (26)

This agrees with (11).

Let ABCD represent a cylinder with
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the axis vertical; r= radius, Z=length.

Let K be the direction of the wind, and
P any point on the surface.

Let KOB=a, BOP= * and KOP= #.

Now cos. KOP=cos. KOB cos. BOP;
or cos 6= cos. a cos. *".

Hence,

1 _ 2 cos.
2 6

l + £tan. 2 6~ 2cos.
2#Tsin. 2#

„ cos.
2«cos. 2

i

+ cos. a cos.**

:2(l-- J j.)
\ 1 + cos. a COS. */

2 1-
sin.

2
*' + (1 + cos. a) cos if

The area of an elementary strip adja-

cent to the element PP' is equal to rldi.

Hence the normal pressure

=2N=2rPJ

di
/(di-

sin
2
*'+ (1 -|-cos.

2
a)cos2

*)7 X2

-ArFlU
(l-t-cos.

2
a)^

tan.

(1 + cos.
2a)^

=4r Pl(~

tan. *

TtrVli 2

1 .7t \

(l + cos.
2a)^ 2/

?)• <27>
(l + cos.

2a)^

If a=o, 2N=7zrPZ (2-^/2) =
-=.5858P7rrZ . . (28)

The average normal pressure is, there-
fore, .5858 on each unit.

Ik The pressure in the direction BO is,

evidently

2H=2Pw/Y cos.*' di—

cos.* di

sin
2
* -f ( 1 + cos.

2
a) cos

2
«7 o *2l/o

=4Prlf(d sin.*'-
cos.'a

d sin. *

l + eos.
2a

cos.
2a

sin.
2

*)

=AFrll sin.*-

loer.

2 cos.a (l + cos.
2
a)

(1 + cos.
2a)^ + cos.a sin.*'\ n

(l + cos.
3a)^— cos

asm.*\_?

asin.Vo

:4PW(*--
2 cos.a(l+ cos.

2a)^

(1 + cos.
2a)^ + cos.a

log.

(29,
(l + cos.

2a)^— cos.a

If a= o,2H=4P/-Z

(
1-^'^=-7536P X 2rf (30 '

This is equivalent to .7536 P on each

unit of the meridian plane.

The lateral pressure, normal to the

plane ABCD, is evidently,

w ,. sin. di
Y=2 VrlJ (sin.* di

= 2P?*/(sin.* di-

l + sin
2
a cos.

2 *'

cos.
2
a'

sin.* di y

"1 ~
~

+ COS. *

2 Vrl\ —cos.i-

cos. a

1

cos. a
-l

tan. "cos.a cos.*' (31)

= 2 P--ZJ1
cos. a

-l
-tan. cos. «) • (32)

If «=o, Y=P--^2-^W.4292PrZ. (33)

This is equivalent to a pressure of .4292 P
on each unit of the plane OBD.
The shearing strain is given bv (30),

and is, H= 1.5072 Trl.

The moment of H about the foot of the

supports is H (\r + h), h being the height
of the supports.

If the axis of the cylinder is horizontal,

N and H are given as before, and Z,

which is the same as Y in the preceding-

case, is given, of course, bv equations

(32) and (33.)

Let /S= the angle between the direc-

tion of the whid and the horizon. This
is equal to the angle between H and the

horizon, or Z and the vertical plane
through the axis of the cylinder.

The moment of H about the foot of the

supports is therefore, H (^ r + 7i) cos. o.

Let us consider a right cone standing
upon its base.

Let 2r= the vertical angle of the cone.

Let a= the angle between the direction

of the wind and the normal to the axis,

the angle being considered positive down-
ward.
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a + v= the angle between the direction

of the wind and the normal to the element

of the cone on the windward side.

Substituting this for a, and the convex
surface of the cone for that of the cylin-

der in eqs. (27), (29) and (32), we have,

2N=*P*rtf2-— ^) (34)
A (l + cos.

2
(« + u) )^

2H= 2P/-J

loaf.

V 2cos. {a + v)[l + cos.
2
(a + v)y^

(1 + cos.
2
(a -f- v) )% + cos. (a + v)

(1 + cos.
2
(a + v) )¥*— cos. (a + v

Y=PW

)• (35)

—tan. cos.(a + v)Y (36)
\ cos.(a +

If the wind is horizontal, a=o, and the
above equations become,

2
(37)2N=*pw(s

(1 + cos. *v)yj
'

2H= 2Pr//l
cos.w (l + cos.

2
y)^

/l + cos.
2
y)^+ cos.r

(l + cos.
2
w

tan. cos
cos. v

If a= —v, the wind is normal to the
element of the cone on the windward
side, and equations (34), (35) and (36),
become,

2N=i7rrPJ(2-V2)

=('

-log.

-) (38)
-»— cos.r/ '

i.v) . . . (39)

2H=2Prm- J-log^li)
2 A/2

i0g
V2-l/'

Y=i Frl
(
2"f)

(40)

(41)

(42)

These equations are just one half of
equations (28), (30), and (33), as they
ought to be, since the surface of the cone
is one-half that of the cylinder.

The moment of H about the foot of
the supports is evidently

M=H.(±l + h)cos.a . . . (43)

Which becomes, M'=H {^l+ h) when the
wind is horizontal (44)

If the apex is downward, equations
(34) .... (39) apply by putting — v for v.

— v however, gives the same results as
+ v in equations (37), (38), and (39), as it

ought to do. The moment of H is the

same as when the apex is uppermost, with

§ I substituted for ^ I.

If the axis of the cone is horizontal,

the same equations apply, as sufficiently

explained with reference to the cylinder.

It is evident that the equations apply
directly to a frustum of a cone, the con-

vex surface of the frustum being substi-

tuted for the convex surface of the cone
in the preceding equations.

II. Let us suppose the pressure upon
a unit of area of surface to be, P cos.£=
P

. , i beingf the angle of incidence as

before. Let us consider a hemispherical

dome. Then the j)ressure on the band
edee'e' in Fig. 1 is

Tt

c7N=P cosi .—r
2
sin. i di=

— -i Ptt r* cos.£ sin.^ di . (45)

.-. N=-iP7rr2
-jcos.

2;i^=

=^PXi7rr2^.7854Pr2
. (46)

On the whole dome, 2N=^P X nr\ (47)

The average normal pressure is there-

fore equal to % P.

to find X.

From (45), dX=dN cos.i=

^ Ptzt2
cos.

2
i sin. i di

'. X=-£P;r?*2 /*cos.*ism.idi

!

(cos.
3 ^j~2"Pzrr i P?rr

2
. (48)

fP^r2 = \Ynr\ (49).and 2X=
Hence the X component of the press-

ure is equivalent to a pressure of f P on
each unit of the meridian plane YAZ.

TO FIND THE MOMENT AND THE POINT

OF APPLICATION OF X.

The moment of (fS. about the point X is

2 2"

dM=dX . —cO=c?X—r s'm.i=
7t It

=Pr 3 cos.
2
£ sin.

2
^ di. (50)

.-. M=Pr 3 / (sin.
2
i di—sin.H di\=~Pr 3

sin.i cos.^+ 2 sinA'cos.^ ) JL

(61>=— Pr 3
.

16
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M - 1

Now^=fr=sin. 22°1'27"
X 8 (52)

giving the point of application.

TO FIND THE VERTICAL COMPONENT Z.

From (45) and the equations preceding

(9), the vertical component of the press-

ure on the band
2=dZ——sin.ix A-Ptzt

2
cos.i sin.i dl=

n
—Pr2

cos.i sin.
2
i c?i. (53)

.-. Z—Tr2 / sin.
2icos.idi=^ Pr2

sin. d a

and 2Z=

:iPr2
. (54)

§Pr2
. (55)

TO EIND THE MOMENT AND THE POINT

OF APPLICATION OF Z.

Moment of dZ=dW— d Z cos.i= Pr 3

cos.* i sin.
2
idi, which is the same as (50).

Hence, W=~VrK
lb

and~=^=-589rr=sin. 36°5'20".
L lb

Now the resultant, R= (X2 + 2Z 2

)^

=Pr2
[(.5236)

2 + 2 (£)
a]=Pr9

(.27415696 + .22222222)|=.70454Pr2
.

AlsoR'=[(2X) 2 + (2Z)
2]i=

(1.09662784 + .44444444)^= 1.2414 Pr2
.

The angle between the two partial re-

sultants is given by,

X 2 .27415696
cos.

"X2 + 2Z 2 .49637918

8

= .55231

.-. <9= 56°28'28" and -g-= 28°14'14" the

angle the partial resultants make with the
plane XZ.
^The pressure on the plane XZ is, there-

fore, R sin.

28°14'14'/=.70454Pr2 X.47312=i

Pr2=Z=Y, as before found. (56)

From (54) and (48) we have,

•5-=—=-63662=tan. 32°28'54" which isX 7t

the angle the resultant makes with the
plane XT.
As other results, in the light of the

above, are easily found, it is not neces-
sary to extend this part of the subject.

It is probable, too, that the former results

agree more nearly with experiments than
the latter. The latter results are always

greater than the former, as I will now
show; and so probably err on the safe

side.

We have,

—

-

sec. %

and

(1 + tan.
2^

1

l + |tan.« (l-j-tanA' + itan.*^

We see that the above formulas meet,

in general, every practical demand in refer-

ence to domes and their supports. They
apply, also to the parts of bridges, includ-

ing suspension cables, ropes and wires
for the transmission of power, telegraph
wires, etc. Also to water tanks, stand
pipes, chimneys, towers, columns, etc.

The writer expects to deal still further

with the general subject in a future article.

REPORTS OF ENGINEERING SOCIETIES.

TJ^ ngineers' Club of Philadelphia—Record
JjJ of Regular Meeting, October 18th, 1884.

President William Ludlow in the chair. Mr.
C. Henry Roney showed a Portable Storage
Battery for Mining and Exploring Purposes,
with small incandescent lamps, illustrating his

remarks with blackboard sketches. The bat-

tery shown was a modification of Planters,

devised by Dr. E. T. Starr, of Philadelphia,
the electrodes consisting of V-shaped plates of

sheet lead arranged over each other, the con-
vexity downwards, with a slight interval be-
tween them, their ends attached to a lead frame
by "burned" joints, the interstices between
the plates being rilled with finely divided
metallic lead, exposing a large surface to oxida-
tion and reduction when subjected to dynamic,
electric or voltaic energy, and, in turn, giving
off a large percentage of the " stored " energy
to incandescent lamps placed in the circuit.

The battery shown measured q\ inches long,

2f inches high, and f inch thick, and would
maintain a small two-caudle incandescent
lamp at incandescence for about one hour. A
battery sufficiently large to run an eight-candle
lamp for ten or twelve hours would not be too
large or heavy to carry conveniently for mine
or other underground exploration.

Mr. W. L. Simpson exhibited and described
the Thompson Indicator. He considers it

handsome in design, and convenient and
simple in arrangement. Cards can be taken
with it at as high a pressure as 500 lbs. per
square inch. All the moving parts are made
very light and strong, which is a consideration
of much importance in an indicator, especially

when used on engines traveling at a high rate

of piston speed. The coiled spring within the
paper cylinder, for increasing or decreasing
the tension of different speeds of engines, is so
arranged that as little or much of it can be
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taken up as may be desired. This is quite an
improvement, as, formerly, a whole coil of the

spring had to be taken up or none at all. By
means of a jamb nut the horn handle screw
can be set so as to regulate the pressure of the

pencil on the paper, the back of the screw
touching against a small post, and thus avoid-

ing any strain tending to throw the parts out of

line through too much pressure. To exchange
springs is very easy, it only being necessary to

unscrew the milled nut at the top of the steam
cylinder, take out the piston with its arm and
connections, disconnect the lever and piston

by unscrewing the small knurled-headed screw
which connects them, when the spring can be
removed from the piston and the desired one
substituted.

All springs made for this indicator are

scaled, providing for 80 inches vacuum ; and
the capacity of any spring can be ascertained

by a simple rule. To adapt the Thompson in-

dicator to all pressures, springs can be made
to any desired scale. The following are the

most generally used : 8, 10, 12, 16, 20, 24, 30,

32, 40, 48, 50, 56, 60, 64, 80, 100. For press-

ures from 65 to 85 lbs. a 40 lb. spring is best

adapted, for as 40 lbs. pressure on a 40 lb.

spring will raise pencil one inch, 85 lbs. press-

ure on the same spring will raise pencil about
two inches, which is the usual height of a dia-

gram.
By means of the " detent motion," consist-

ing of a pawl and spring stop, the paper cylin-

der can be stopped and the card taken off with-
out unhooking the connecting rod. An ar-

rangement of a swivel carrying a scored wheel
allows the connecting cord to be run at any
angle, so that it is possible to connect with
any motion, of whatever kind, wherever it may
be.

Mr. J. J. deKinder described the repairs to

the 36-in. Belmont Submerged main, Phila-

delphia, recently made by him. The specially

novel feature of this undertaking was a float-

ing cofferdam, the bottom of which was built

around the main, and the whole structure kept
in exact balance, during freshets, etc., by two
water-tight scows, suspended on its sides, into

or out of which water was pumped to regu-
late the weight.
The rock lay so near the river bottom

as to render a sheet-pile structure impossible.
W. Bugbee Smith introduced the subject of

the Fire Protection of Mills. Mills must be
properly built and furnished with adequate fire

extinguishing apparatus. The best construc-
tion has been found to consist of heavy wooden
posts and girders, solid plank floors and roof.

The usual fire extinguishing apparatus consists
of water buckets, hydrants and hose. In addi-
tion to this, some mills are furnished with per-
forated sprinkler pipes, running lengthwise
through the mill, perforated with holes -^ inch
diameter and about nine inches apart. In case
of a fire, by opening a valve outside of the
building, water is let into the pipes and on the
fire. The objection to this system is the fact
that the water is not confined to the spot where
the fire occurs, but is distributed over such a
large area that much damage is done by it. It

also requires human agency to make it effective.

To overcome these objections, automatic
sprinklers, have been invented. These are
valves, placed on a system of pipes near the
ceiling and opened by the heat of the fire.

They are kept closed by means of a fusible

solder which melts at about 166° Fahr. The
heat rising from a fire melts the solder joints of

the sprinkler immediately over it, and thus the
water is put just where it is needed.
There are two general classes of automatic

sprinklers, the sealed, such as the Parmelee,
Burritt, Rose and Bishop ; and the sensitive,

such as the Grinnell, Burritt, Brown & Hall,

and the Kane. After describing the methods
of piping a mill for each of the classes,

samples of the above-mentioned sprinklers were
exhibited and their peculiarities explained.
The automatic sprinklers have been in use

about twelve years, and recent tests show that

the fusible solder has not lost its strength and
sensitiveness in that length of time, though ex-

posed to pressure and water hammer.
The effectiveness of automatic sprinklers s

fire extinguishers is shown by the fact, that
out of 110 fires originating under them and of

which the damage is known, for 67, or 60.9 per
cent, of the whole number, no damage was
claimed; for 12, or 10.9 per cent,, the damage
was less than $ 250 ; for 8, or 7.2 percent., be-
tween $ 250 and $ 500 ; for 11 or 9.9 per cent.,

between $ 500 or $1,000; for 12, or 10.9 per
cent, between $ 1,000 and $20,000.
The Secretary exhibited, for Mr. S. L.

Smedley, a photo-lithographic reproduction of

a topographical map of Philadelphia, by John
Hills, 1796, and pointed out some of the re-

markable evidences of its great accuracy in
detail.

Mr. Francis Lightfoot, of "West Chester, in-

troduced by the Secretary, explained a model
of a Rail Joint in which no plates or loose
pieces are required, the ends of the rail being
lapped and bolted together through oblong
slots.

November 1st, 1884.— President William
Ludlow in the chair.

The Secretary presented, forMr. A.W. Sheafer,

Notes upon the Relative Cost of Haulage in the
Anthracite Mines of Penna., by Mules and
Locomotives. These embodied the results of
investigations by Mr. Thomas H. Phillips,

Supt. Kalmia Colliery. The results are as fol-

lows : Cost per ton per mile : by locomotive,

y
6
^ cents, by mules ly^o cents ; saving, per ton

per mile by locomotive, lxio cents. This in-

cludes operating expenses and depreciation,

but does not include the additional number of
cars and turnouts and repairs to roads, required
for mule service.

The Secretary also exhibited for Mr. Sheafer,

a set of Electrical Photographs of the Kohinoor
Colliery Mine Woi kings. The exposures were
from 2*0 to 30 minutes, and the results are ex-
cellent.

The Secretary exhibited the Bush Interlock-

ing Rail Bolts, which interlock within the tie

under the middle of the rail. They are speci-

ally intended, it is believed, to resist the lateral

strain of the train upon curves.

Mr. Thomas M. Cleemann continued some
previous remarks that he had made on the
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Strength of "Wrought Iron Columns, showing
how some recent experiments by Mr. James
Christie, at the Pencoyd Iron Works, gave
values of the constants in Rankine's formula
somewhat different from those generally used,

and which would, therefore, he better to adopt,

for calculating their strength, in structures of

American iron.

In discussing the above, Mr. James Chrislie

stated that the experiment referred to by Mr.
Cleemann were subsequently supplemented by
similar experiments on steel, and a basis estab-

lished for the relations existing between steel

and iron compression members for structures.

In addition to the practical results obtained, the

experiments were of peculiar interest, inasmuch
as they add additional confirmation to the

ordinary theory of flexure as propounded by
Euler a century ago., Experiments on beams
of iron and various grades of steel, show a

practically uniform elasticity, however differ-

ent the materials rnay be in ultimate tenacity.

When the lengths of column are so great in

proportion to cross dimensions that failure will

occur almost entirely by bending, then the

elasticity of the material is the sole measure of

its resistance, and the common theory of flex-

ure will apply The experiments showed that

when certain ratios of length to cross-section

were reached, uniform resistance occurred be-

tween iron and steel, a fact, he believed, not
heretofore known.

Capt. O. E. Michselis presented a blackboard
description of what he was allowed to see at the

recent exhibition of the " Keeley Motor" in

Philadelphia.

ENGINEERING NOTES.

CONSTRUCTION OF A DbY-PoCK IN QUICKSAND-
By— Zimmeemann.—This dock was built

at Hamburg for the Hamburg-American Steam
Packet Company. The only available site was
a narrow strip on the Bank of the Elbe, per-

pendicular to the river, partly below high water,

and the soil so loose and porous that it would
only stand at a slope of 1 in 4. The excavation
was 390 feet long, 66 feet broad, and about 28
feet below low-water level as a maximum.
Want of space precluded the formation of a

cofferdam, of several rows of sheet piles of

varying heights, which would have been the
safest arrangement, so it had to be constructed
of a single line of sheet-piling, which not only
had to support the entire pressure of the sur-

rounding soil, but, owing to its unavoidable
imperfect watertightness, allowed the water to

percolate through the sides. The first step,

therefore, was the setting up of four turbines
for pumping out the water. The work de-
manded of them was the lifting of 15,275 cubic
yards, a maximum height of 23 feet in three-
and-a half hours ; but they did it perfectly in

half that time—that is, they lifted on an aver-
age 2.42 cubic yards per second.

In order to limit the depth to which the
piles had to be driven as much as possible, the
bottom of the dock was not made horizontal,
but rounded, to correspond with the form of a
vessel, so that to drive the piles down to 23 feet

below low-water level was sufficient. The
space enclosed by the piling was then dredged
out. The concrete employed for the founda-
tion was formed of 9 parts Luneburg lime, 7
trass, and 16 sand, mixed with twice that

volume of broken stone, and was at first shot
out for the entire thickness of the floor of the

dock at once, by means of a wooden shoot or

funnel attached to a traveling crane ; but this

arrangement did not answer well, for the

often splintered and bi-oke, so an iron one had
to be substituted. After the concrete had lain

three months under water, the water was
pumped out, and the concrete, though not per-
fectly set, was found sufficiently water-tight.

Splinters of the wooden shoot were found in

the concrete floor, and their removal caused
strong springs or leaks, but these were success-

fully stopped by iron-cement.
Ou the concrete floor the side and front

walls were built of brickwork, and carried up
to summer flood-level, with a rebate or recess

for a caisson, and all round the dock is a quay-
wall reaching above highest flood-level. •

After a time it was observed that the butting
of the caisson against the walls loosened the
mortar, and the recess was not watertight, but
it was made completely so by a facing of

planed cast iron with concrete backing.
The weight of the empty dock alone is not

sufficient to resist the upward thrust of the
water at very high tides; but when loaded
with the weight of a ship there is, of course,
an abundant margin ; and when no ship is in

dock it is arranged that so much water shall be
admitted as will satisfy the conditions of

safety. The work was carried out in 1868 to

1870, and cost =£65,000.

IRON AND STEEL NOTES.

Constituents of Steel.—At the recent meet-
ing of the Iron and Steel Institute, Mr. I.

Lowthian Bell in the discussion of a paper on
crucible steel, said, some importance seemed to

be attached by Mr. Seebohm to the possibility

of manganese existing in possibly two forms in
steel. He had made no experiment with a view
of ascertaining that, but it might interest Mr.
Seebohm and Mr. Snelus, who also spoke on
the subject, to know that not only carbon, but.

as he believed, manganese was also occasion-
ally separated in the way that carbon was. be-
cause upon one or two occasions, noticing a

species of excrescence, as it were, on the face
of pig-iron run from the blast furnace, he had
this matter, which was silica in appearauce,
analyzed, aad found it contained not only a
certain portion of carbon, but a considerable
quantity of manganese, and also of silica— silica

in such a state of mechanical texture as left no
doubt at all on his mind that, in point of fact,

the silicon had been extruded from the iron
itself and oxidized as it met the air, and thus
formed silica. He quite agreed with what fell

from Mr. Seebohm as to the desirability of the
chemist being appealed to, perhaps even more
urgently than he had yet been appealed to. with
regard to explaining certain differences in the

quality of steel, and, indeed of iron, generally.

If the chemist up to that time had not succeed-
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ed in furnishing an explanation for all those
differences, gentlemen must remember that the

science of chemistry as applied to iron, cer-

tainly in this country, was somewhat new, and
that the quantity of matter necessarily very
seriously affecting the quality of the steel was
so minute that they could scarcely be surprised

if the researches of chemists had not yet mas-
tered with sufficient exactness all the details

required for ascertaining and detecting the
presence of matter in such small quantities as

were required for effecting the object he had
just referred to. He might state that only re-

cently, at the Monkbridge Iron-works, they
were making iron, and they found it to be very
red short. Mr. Kitson sent a specimen to him
In order that he might ascertain if possible, the

cause of this. Believing it possible that occlud-

ed oxygen might be at the root of the evil, he
had some experiments tried upon the old lines,

and found nothing to induce him to believe

that oxygen was at the root of the evil; but
happening to fall upon a recently discovered
method of estimating the quantity of oxygen in

iron, he had that tried, and then he found that

in the red short iron there was fully double the

quantity of oxygen in some form or another
than there was in the specimens that were not
red short. He merely mentioned this circum-
stance to show that they must not be impatient,
but must work diligently and carefully in order
to make themselves properly acquainted with
all the circumstances and conditions which af-

fected the quality of the material in the manu-
facture of which they had so great an interest.

RAILWAY NOTES.

French Railway Bolling-Stock.—There
are altogether, on French railways, 6,893

locomotives, of which 2,826 are passenger, and
4.067 goods engines. There are also 15,432
carriages, of which 3,208 are first-class, 5,315
second-class, and 6,909 third-class, together with
182,089 wagons. As regards the principal com-
panies, the following are the figures : Northern,
1,138 locomotives, 2,021 carriages, and 33,971
wagons; Eastern, 922 locomotives, 2,359 car-

riages, and 22,401 wagons ; Western, 1,045 loco-
motives, 2,881 carriages, and 17,465 wagons;
Orleans, 970 locomotives, 2,100 carriages, and
40,433 wagons ; Paris - Lyons - Mediterranean
1,960 locomotives, 3,489 carriages, and 62,200
wagons.

ORDNANCE AND NAVAL.

rpHE Heavy Guns of 1884.—This formed the
_L subject of a lecture delivered by Colonel
E. Maitland, It. A., superintendent of the Gun
Factory, Woolwich, before the United Service
Institution, on June 20. The walls of the the-
ater were covered with diagrams of the latest

piece of ordnance and sections of breeches,
whilst the floor was occupied by a steel cannon
and the breech of one of the new pattern inter-
rupted screw breechloading guns Colonel
Maitland said this was the time for laying be-
fore the public as clear an exposition as possi-
ble of the subject, which was one of national
importance, setting forth the causes which had

led to the necessity for the re-armament of our
naval and military forces, the progress now
made in that re-armament, and the comparative
efficiency of the heavy guns of 1884 in England
and in the other chief countries of the world.
The chief causes which had led to the necessity
for the changes in our armament were—first,

the improvement in powder ; secondly, the im-
provement in mechanical appliances ; and,
thirdly, the improvement in production of large
masses of steel. These considerations had af-

fected the great continnetal powers, for they
also were re-arming extensively, though the
changes being made on the Continent were
more gradual and less radical than our own.
In the latter part of the seventies (the period
between 1869 and 1880) England certainly fell

behind in the artillery race, but not to the ex-
tent supposed by many who had not studied
the subject. As a matter of fact the old short
breechloaders of the Continent were just as

obsolete nowr as the old short muzzle-loaders of
England, and up to 1875 or 1876 the British
artillery was as good as anybody else's. Then
came a period of stagnation, and we fell to lee-

ward. This country, however, had not been
caught napping by an important war, but in
waiting had got the best of the artillery contest.

Colonel Maitland then, for the information of
non-artillerists, dealt with some of the techni-

calities of the gunner's craft, and explained the
improvements which had occurred in the mak-
ing of gunpowder, one improvement being an
increased energy given to the projectile by the

slowing of the powder, so that it should burn
while the projectile was traversing the bore and
increase in burning until the projectile was
about to leave the muzzle. He discussed the
important question of powder at length, and
showed that the improvements in it had ren-

dered breechloading in the guns to be an abso-
lute necessity, as the guns had now to be made
so long that loading from the muzzle became
practically impossible on service, and the pro-
jectile had to be held fast until a pressure of

from 1 ton to 2 tons per square inch was set up
in the chamber, which could only be done in

breech-loading guns. He spoke warmly of the
promptitude with which Colonel Brackenbury,
of the Woolwich Gunpowder Factory, had
grappled with the difficulties of giving a suit-

able powder for improved English guns. Hav-
ing referred to the cocoa powder of the Germans

•—a secret—Colonel Maitland dealt with the
subject of breechloading and remarked that a
satisfactory closing of the breech was not ac-

complished by any nation until after the Fran-
co-German war of 1870-71, after which period
Krupp entirely remodeled his breech fittings,

and the French adopted an entirely new method
of obturation, invented by Dr. Bange, of the
French artillery. Colonel Maitland then stated

that we had in hand guns of an efficient char-

acter up to 110 tons. He next spoke upon the

Krupp system, the French marine system, the

French land service system, and, lastly, upon
the improvements which had been adopted in

some of our own guns, the trials of these sys-

tems, and the avoidance of some defects dis-

covered in working. He presented a section of

the Elswjck gun of 110 tons, being manufac-
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tured for the government by Sir W. Armstrong,
Mitchell & Co. This gun, he said, was entirely

of steel, and had three layers of hoops over the
breech-piece. In this gun there would be sev-

eral important improvements upon the 100-ton
gun of the Italian government. As to the
adoption of steel for breechloaders, he justified

the adoption of the metal, now thoroughly
tested by German experience, and declared that
England, in coming last, had really got the best
forged steel construction known in guns. He
considered that England had obtained all the
advantages of France and Germany combined,
and, moreover, not being hampered by the ne-
cessity of utilizing old material, we had been
able to devote all our energies to new guns of
the best quality, instead of altering old guns of
inferior type. We had, moreover, greatly ex-

tended the ballistics -of our guns, and had con-
ferred on them unsurpassed powers in propor-
tion to their weight. In conclusion, he said
that now the time had arrived for the country
to face the question of re-armament seriously,
to grant the money, and to push on the manu-
facture. After remarks made by several speak-
ers upon different points in the lecture, the
discussion was adjourned.

The Toepedo Fittings of the Navy.—In
the ships of war recently built and in

those now in course of construction, the fitting

of underwater torpedo gear has been abandoned,
the experience derived from the practice of the
Inflexible not having been altogether satisfac-
tory. Ships designed for exclusively torpedo
service, such as the Vesuvius, the Polyphemus,
and the Scout (which is now being built on the
Clyde) may continue to be provided with sub-
merged projectiles, but even in these the torpe-
does will probably be only discharged from the
stem ports in consequence of the difficulty of
expelling them from the broadside of a ship
under way and the impossibility of firing them
in a straight line. The best results have hith-
erto been obtained from the stem tubes, and
from the great accession of speed which has
been realized by the improved Whiteheads and
the greater impulse which is communicated to
them by the general adoption of the air-gun
system, there is now no longer any danger to
be apprehended from the projectile being over-
taken and exploded by the ship from which it

has been discharged. This desirable direct
ahead fire has up to the present time been se-
cured by two methods. In the Polyphemus,
for instance, as in the similar case of the Italian
turret-ship Duilio, the torpedo port is cut in the
ram itself. This system has the obvious disad-
vantage of seriously weakening the spur and
its attachments, and thus conducing to the
crippling of the ship if not to its actual disable-
ment. Provided a fair blow be delivered by
the ram there will be no necessity to discharge
a torpedo simultaneously with the blow to se-
cure the complete destruction of an enemy ; but
should the blow, as happened in the case of the
Defence and the Valiant, be deflected by a
change of helm on the part of the enemy, the
probability is that the spur of the Polyphemus
would be so far disabled as not only to prevent
her ramming a second time, but to prevent her
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using her torpedo armament. In the Inflexible,

on the other hand, direct ahead fire is obtained
by launching the torpedo over the stem by a
sliding bar from above, a method which exposes
the mechanism and the men handling it to the
torpedo guns of an enemy. A new arrangement
is now being introduced- into the Camperdown,
building at Portsmouth, and will also be em-
bodied in the Scout and the Benbow. In addi-
tion to the four socket tubes on the broadside
having a range of 70 degrees before and abaft
the beam, or 20 degrees in a fore and aft line,

the Camperdown is having a torpedo port
worked in her brass stem on a level with the
main deck and consequently high above the
water line and her submerged prow. The gear
and the men will consequently be well under
cover. The torpedo, which is 16 feet long and
14 inches in diameter, is inserted in a steel cyl-
inder of just sufficient dimensions to contain
the projectile, and having a brass lining in
which the grooves along which the T pieces of
the torpedoes run are cut. The highly com-
pressed air is admitted at the rear of the tube
and in direct contact with the torpedo. In the
old system the impulse was given by means of
a piston, the blow from which when the engine
was not in touch with it, was sometimes violent
enough to injure the delicate mechanism of the
torpedo. When everything is ready for firing,

a touch of the firing key releases a brass ball
magnetically held in position, the fall of which
is made to rotate a lever, which in its turn re-
leases the safety pin, and the torpedo is blown
out of the ship. The only mishap which could
possibly attend this method is the discharge of
the torpedo before the port door had been
opened, and the consequent explosion of the
missile on board. This might be supposed to
be an imaginary danger, but it has been practi-
cally provided against by an arrangement of
levers. The port itself is elliptical, to allow for
the fall of the torpedo in escaping from the
ship ; but the true nature of the parabola de-
scribed by the torpedo in falling remains to be
determined by careful observations. As the
projectile leaves the tube a stud trips the trig-
ger and sets the propelling engines in motion.—London Times.
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The subject of this volume is of deep interest

to many. The author has aimed to show the
necessity for the manufacture of steel guns in

this country, and to provide a manual of refer-

ence for those who desire to know the details

of the latest methods of manufacture.
The methods pursued in England, France,

Germany, Russia and United States are de-
scribed and fully illustrated by diagrams.
An enumeration of the machines and tools

for a plant for gun manufacture, and the " Gen-
eral Summary of the Gun Foundry Board

"

close the volume.

ATreatise on the Adjustment of Observa-
tions. By T. W. Wright, B.A., late

Assistant Engineer, United States Lake Survey.
New York : D. Van Nostrand.
The method of obtaining the most reliable

result from a series of observations or meas-
urements, when such observations are multi-
plied for the sole purpose of securing accuracy,
is a subject of profound study, which-is alike

profitable to the student of theory or to the
practical worker. The author of the present
treatise is fully in sympathy with both classes,

and, moreover, exhibits the capabilities of an
instructor.

The increasing demand for better accuracy
in surveys of all kinds has been responded to

by the production of better instruments. But
given the best instruments and the best observ-
ers, the question of how to obtain the best re-

sults is still an open one. To the importance
of this question, the attention of American
students has not been heretofore sufficiently

awakened. This treatise will be found to be
a valuable stimulus to learners who aspire to

the performance of good work in Surveying,
Astronomy or Physics.
The introductory chapter fully sets forth the

nature of the work to be accomplished, viz. :

the elimination of the effects of errors in meas-
urements of various kinds, and describes the
sources and kinds of error whether inherent or
accidental in either the observer or instrument,
or external to both as in the atmospheric condi-
tions ; and summarizes the conditions as fol-

lows :
" When all known corrections for instru-

ment, for external conditions, and for peculiari-

ties of the observer have been applied to a di-

rect measure, have we obtained a correct value
of the quantity measured ? That we cannot
say. If the observation is repeated a number
of times with equal care different results will

in general be obtained.
The reason why the different measures may

be expected to disagree with one another has
been indicated in the preceding changes. There
may have been no change in the conditions of

sufficient importance to have attracted the
observer's attention when making the observa-
tions, but he may have handled the instrument
differently, turned certain screws with a more
or less delicate touch, and the external condi-
tions may have been different. What the real
disturbing causes were he has no means of
knowing fully. If he had he would correct for
them, and so bring the measures into accord-
ance. Infinite knowledge alone could do this.

With our limited powers we must expect a resi-

duum of error in our best executed measures,
and, instead of certainty in our results, look
only for probability.

The discrepancies from the true value due to
these unexplained disturbing causes we call

errors. These errors are accidental, being
Avholly beyond all our efforts to control. As
soon as they are known to be constant, or we
learn the law of their operation, they cease to
be classed as errors.

A very troublesome source of discrepancies
in measured values arises from mistakes made
by the observer in reading his instrument or
recording his readings. Mistakes from imper-
fect hearing, from transposition of figures, and
from writing one figure when another is intend-
ed, from mistaking one figure on a graduated
scale for another, as 7 for 9, 3 for 8, etc., are
not uncommon. These also must be classed as
accidental errors, theoretically at least. Hav-
ing, therefore, taken all possible precautions
in making the observation, and applied all

known corrections to the observed values, the
resulting values which we shall in future refer

to as observed values may be assumed to contain
all accidental errors. We are then brought
face to face with the question, " How shall the
value of the quantity sought be found from
these different observed values ?"

This is followed by a brief synopsis of the
mathematical principles involved in the treat-

ise : Probabilities, Definite Integrals, Taylor's
Theorem, Interpolation, and Periodic Series.

This synopsis is only just full enough to in-

form the reader in advance of the stock of mathe-
matical knowledge requisite for the mastery
of the treatise. It is only intended to remind,
not to instruct him.
The second chapter deals with the Law of

Error, and we believe will be found full of in-

terest to the mathematical student. The author
shows how the accepted methods were evolved,
and presents the earlier processes in historical

order.

The chief topics of this chapter are : The
Arithmetical Mean ; Law of Error of a Single
Observed Quantity ; Law of Error of a Linear
Function of Independently Observed Quanti-
ties ;

Comparison of the Accuracy of Different

Series of Observations ; The Probability
Curve ; The Law of Error Applied to an Actual
Series of Observations ; Classification of Ob-
servations.

There is an important appendix to this chap-
ter at the end of the volume.
Chapter III. treats of the adjustment of Di-

rect Observations of One Unknown Quantity.
The principal topics are : Observed Values of

Equal Quality ; Observed Values of Different

Quality ; Observed Values, Multiples of Un-
known ; Precision of a Linear Function of

Independently Observed Values.
This chapter contains a large number of ex-

amples of "Mean Square" and "Probable Er-
ror." Also two appended notes relating re-

spectively to Weighting of Observations and
Rejection of Observations. In this latter note

we find the following remark regarding a

criterion for rejection, with which we believe

all practical workers will find themselves in

accord.
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"It may be stated, as a general rule, that

criterions are apt to be most highly esteemed
by those who look at the observations from a
purely mathematical rather than from a prac-
tical observer's point of view. The latter is,

without doubt, the true standpoint. Every
observer will consciously or unconsciously con-
struct a criterion suited to the sort of work he
is engaged in. This criterion will not neces-
sarily be founded altogether on mathematical
formulas. Indeed, most likely it will not be.

Nor does it follow that the criterion adopted in

any special series is of universal application or
will receive universal assent. In the process
of weighting, the observer will not assign
weights always as the inverse squares of the

"mean square error." It is often better to as-

sign them arbitrarily,from a feeling founded on
a general grasp of all the circumstances con-
nected with the making of the observations.
In like manner, and in this same feeling, he
will found his criterion for rejection. There is

no uniform rule for weighting ; neither is there
one for rejection."

Chapter IV., on Adjustment of Indirect Ob-
servations, deals at much length with Deter-
mination of Most Probable Values. This is fol-

lowed by : Precision of the Most Probable (Ad-
justed) Values ; Precision of any Function of
the Adjusted Values; Average Value of the Ratio
of the Weight of an Observed Value to its-

Adjusted Value and Artifices of Elimina-
tion.

The theoretical part of the treatise is com-
pleted in Chapter V. , which presents the con-
sideration of the adjustment of a series of ob-
servations which are not entirely independent
of each other. This is termed the Adjustment
of Conditional Observations. A general state-

ment of the character of the problem is followed
by: The Direct Solution (Independent Un-
knowns) ; The Indirect Solution (Method of

Correlates) ; Solution in Two Groups ; Solution
by Successive Approximations.
Examples are interspersed as in the preced-

ing chapters.
The remaining portion, nearly half of the

volume, exhibits applications of the principles
elucidated in the foregoing chapters. The
examples are mostly from American practice.
They are divided as follows :

Chapter VI., Triangulation ; Chapter VII.,
Base Line Measurements; Chapter VIII.,
Leveling; Chapter IX., Graduation of Line
Measures, and Calibration of Thermometers

;

Chapter X., Empirical Formulas and Inter-

polation.

The work throughout exhibits signs of care-

ful preparation, and we believe it will be re-

garded as a very valuable contribution to Eng-
lish scientific literature.

FORESTRY IN THE MINING DISTRICTS OF THE
Ural Mountains. Compiled by John

Crotjmbie Brown, LL. D. London : Simpkin,
Marshall & Co.

This work, like the later ones of this industri-

ous writer, is carefully compiled from reliable

sources and is exceedingly compact.
The chapters present in order the following

subjects : Journey from St. Petersburg ; Forest

Exploitation in Ufa; Mishaps in Traveling;
Russia and her People; The Ural Mountains;
Metallurgy; Forests; Depressed Condition of

Mining and Manufacturing; Forest Exploita-
tion ; Abuses in Exploitation of Forests: Occa-
sion of Diminished Supply of Wood : Glimpses
of Life ; Laboring Population : The Conquest
of Siberia.

A Course of Qualitative Chemical An-
alysis. By W. Geo. Valentin, F.C.S.

Revised by W. R. Hodgkinson, Ph. D. Sixth
Edition. Philadelphia : P. Blakiston, Son &
Co.
The merits of Valentin's work are well known

to workers in the laboratory. The notation is

that of Frankland, while the methods of separ-
ation are largely original with the author and
editors.

Students using the text as a guide to practical

analysis, find the full directions for their work
especially convenient.
The examination questions which are append-

ed to each section, serve to direct the learner's

attention to the more salient points. Some ad-
vantage to the student is also afforded by occa-
sionally presenting the graphic symbol of a
compound.
The work is particularly good in the matter

of detection of the acids and in the reactions of

the rare metals. The latter portion represent-

ing the later additions to the book.

The Steam Engine Indicator and Its Use.
By William Barnet LeVan. New York :

D. Van Nostrand.
The literature of the indicator is by no means

scanty. There are not wanting essays upon
this instrument which treat, more or less lucid-

ly, upon its peculiarities, but many of them pre-

suppose a certain familiarity with the indicator

upon the part of the student, and plunge, in
medias res, on the first pages. In regard to the
indicator itself, a revival is in progress. A class

whom it is very essential to educate have taken
it up and are availing themselves of its offices.

They know nothing of it beyond the fact of its

existence and are exceedingly anxious to learn.

It is manifest that, for such readers, the treat-

ment should be severely simple and rudimentary.
It is difficult for many writers, who essay the

task of teaching beginners, to comprehend this,

this after brief allusions to the object of the indi-

cator they proceed, without loss of time, to ther-

mal units and adiabatic curves. Moreover,
many works on the indicator are useless to

students by reason of the mathematical process-

es of elucidation employed. It is natural that

an expert should couch his expressions in the
shortest and most concise terms, but this cuts

off a great many from availing themselves of the
instruction given, for reasons sufficiently ob-
vious to require no pointing out. .

In The Steam Indicator and Its Use, by Wm.
Barnet LeVan, provision has been made for

the class mentioned before. They are specially

addressed, in point of fact, in simple language
and by plain diagrams. Starting with a de-

tailed description of the indicator, the author
proceeds by easy stages to simple diagrams,
explaining in terse language how they are pro-
duced, the best methods of taking them, and
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lastly, how to compute the areas enclosed. All

this is accompanied by the necessary diagrams,
so that any person who is fit to be about an en-

gine at all can use the indicator practically.

Another point in favor of the work for those

for whom it is compiled, is its low price. It is

issued from the press of D. VanNostrand & Co.,

in their admirable Science Series, a form which
has rendered many valuable papers popular, and
insured a reading for scientific treatises, taken
from high class publications which the multi-

tude would never see. This work on the Indi-

cator is appreciated by those for whom it is

written, and is selling well.

Analytic Mechanics. By E. A. Bowser,
Prof, of Mathematics and Engineering,

Rutgers College, New Brunswick, N. J.; D. Van
Nostrand, Publisher. 12nio. cloth. Price, $3.00.

An American text-book on Mechanics that

would present its leading principles in a clear

and simple way, and at the same time furnish a

substantial preparation for its higher branches,

has long been desired. The increasing appli-

cations of this branch of mathematics to the

practical problems of engineering and archi-

tecture have made a knowledge of it necessary

to success in these departments. No one can

appreciate the advances made in the theories of

Light, Heat and Electricity, who is not familiar

with the methods of Dynamics.
The text-book of Prof. Bowser is admirably

fitted for filling these conditions. He has suc-

ceeded in happily combining simplicity and
clearness of treatment with a full exposition of

some of the more difficult parts of the science.

The practical bearings of the principles are

illustrated by their applications to the mechani-
cal powers, while attention has been given to

the requirements for a preliminary training in

celestial and physical mechanics. The work
involves the use of Analytic Geometry and the
Calculus, and in itself is a valuable discipline in

these branches of mathematics.
The chapters on "Moment of Inertia" and

" Center of Gravity," furnish a fine illustration

of the use and power of the calculus. The prac-

tical way in which the author passes from theo-

retical formula? by means of numerous and
wisely selected examples, to actual cases requir-

ing arithmetical calculation, is a marked and
valuable feature of the book, and makes an
otherwise difficult subject, attainable and useful.

The chapter on Friction goes a great way tow-
ard divesting many of the problems of mechan-
ics of their usually unreal character, in giving
methods for dealing with the cases of bodies
not perfectly smooth—cases of occurrence in
things as we find them.
An entire chapter has been devoted to "Work

and Energy," and these important terms are
fully

. explained and their physical significance
definitely pointed out.

Prof. Bowser has made a separate division of
Kinematics—a science which bears the same
relation to Dynamics that the science of Mechan-
ism does to Mechanical Engineering.
Th e distinction between motion, regarded

merely as change of place, and motion as pro-
duced by force has long been recognized, but
seldom finds its way into our text-books. A

large number of dynamical problems rest mainly
on the relations between velocities, accelera-

tions, &c, considered without reference to their

causes, and there is a gain id clearness in mak-
ing their treatment a separate part of the subject.

Under Kinetics the motions of bodies under
the action of forces have been considered. The
problems of central forces are taken up and
illustrated, by showing that the Laws of Kepler
are a necessary consequence of the law of gravi-

tation.

A suggestive and instructive feature of the

book is the many references to the standard
works on the different branches of mechanics.
The treatment throughout is plain, direct and

complete, and the arrangement is nicely adapted
to purposes of instruction.

The book is of conv. ' -ize, neatly bound,
and printed in cleai
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Incompll snes£ of Boei >'- Poew
By De. Fines.— 1_ irdi formula for deducing
pressure of wind from /elocity is F^C.XSV3

,

C being a constant coefficient for a certain

plate, S the surface in square r

locity of the wind in meters per s^ j* the
pressure of the wind in kilograms per
meter. C varies with size and shape of pi&. .

Borda gives the following values :

C=0.092 kilo, for plain plates of 0.011664 sq. me.
0.100 " " 0.026244 "

0.104 " " 0.059049 "
0.120 " " 0.929000 "

The first three of the above values are given
by Borda, the last by Rousse. Later, Navier
found that in the case of movement in the at-

mosphere at 10° Centigrade, under the normal
pressure C=0.1278. Thibault, however, found
the value of C under the same conditions to be
0.1151 . Dupre considered that Navier's form-
ula, R=0.1278 SV 2

, is the right one to use;

The author states that Borda's formula gives

rise to two sources of error, one owing to inac-

curacy in the formula, the other to its applica-

tion . Though the size and shape of the plate

are known, the reciprocal reactions of the dif-

ferent currents of air one upon the other are

not ; neither are their absolute velocities, the
mean velocity only is known.
The ordinary anemometer is incapable of re-

cording the velocity of the wind at the time (of

only a few seconds' duration) of the most vio-

lent gusts. M. Renard, however, made obser-

vations during the violent storm of November
16, 1880. He found that during an interval of

twenty-five seconds the velocity increased from
38 to 51 meters per second, and then dimin-
ished in the following twenty seconds to 35.70
meters, so that during this short interval the
pressure varied from 325 to 136 kilograms per
square meter. These observations, however,
do not give the absolute maximum intensity

which can have lasted only a few seconds, and
may have been much higher than that above
stated, and it is the absolute maximum velocity
which is required for an exact application of

Borda's formula.

—

Abstracts of Institution of
Civil Engineers.
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REVISER'S NOTE.
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Commander F. B. McNair has permitted the use of his pamphlet on Seamanship Drills.

The chapter on the Laws of Storms is taken principally from the lecture of Lieutenant-
Commander Thomas Nelson, vol. 5. Proceedings U. S. Naval Institute.

Chapter XIX. is practically a reprint of Lieutenant D. Delehanty's pamphlet: " Cadet) Mid-
shipman's Manual."

Chapter XXXV. has been prepared from notes furnished by Lieutenant-Commander Z. L. Tanner,
together with data from the lectures of Constructor R. H. White, R.N., and from the professional

pamphlets of the German Admiralty on steamers and screw propulsion.

The suggestions made by boatswain Robert Anderson, U.S.N., have been of special importance.
Getting a lower yard on board, sending down a lower yard inside of rigging, rigging derricks,
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To Commander Taylor, Lieutenants Berry, Nazro and Holman, U.S.N., and to many other
officers, sincere thanks are tendered for their assistance and suggestions in the revision of the proofs.

AARON WARD, Lieutenant, U. S. X.
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Lane- Fox Meter. Boys' Quantity Meter. The
Edison Meter. Mechanical Units. The Horse-

power. The Foot-pound. The Force de Cheval.

The C. G. S. System of Units. The Dyne.
The Erg. . The Watt. The Youle. The
Relations between Electricity and Work. The
Watt Meter. The Erg Meter. Pkotometrical

Units. The Standard Candle. The Carcel.

Rumford's Photometer. Bunsen's Photometer.

CHAPTER IV.—Sources of Power.

Steam Engines. Compound Condensing Engines.

Compound Non-Condensing Engines. Corliss

Engines. Semi-portable Engines. Three-
Cylinder and Rotary Engines. Choice of

Engines. Governors. Coupled Engines. Gas
Engines, Advantages of. Economic Gas. Caloric

Engines. Water Power. Water Wheels and
Turbines.

CHAPTER V.—Dynamo -Electric Genera-
tors.

The Field Magnets. Armatures. Dynamoes of

Gramme, Siemens, Edison, Edison-Hopkinson,
Brush, Schuckert,Gulcher, Burgen, Elphinstone-

Vincent, Gordon, Lumney, Ferranti-Thompson,
Hopkinson and Muirhead, Maxim. Future
Progress in Dynamos.

CHAPTER VI.—Arc Lamps.

The Construction of Arc Lamps. Carbons. Arc
Lamps of Gaiffe, Serrin, Wallace-Farmer, Sie

mens, Rapieff, Crompton, Brush, Weston, Pilsen

Hedges. Giilcher, Brokie, Lever, Akester, Ad-
bank. Future Progress in Lamps. Electric

Candles of Jablochkoff, Rapieff, Wilde, Jamin.

CHAPTER VII.— Semi - Incandescent and
Incandescent Lamps.

Semi-Incandescent Lamps of Regnier, Werden-
mann, Joel. The Sun Lamp. Incandescent
Lamps of Swan, Edison, Lane-Fox, Maxim,
Crookes, Gatehouse. The Advantages and
Defects of Modern Incandescent Lamps

CHAPTER VIII. — Electric Accumulators.
The Storage of Electric Energy. Accumulators

of Plante and Faure. The Faure-Sellon-Volc-
mar Accumulator. Sutton's Accumulator.
The Watt Battery. The Elwell-Parkes Accu-
mulators. The Forbes Accumulator. The
Defects of Modern Accumulators.

CHAPTER IX.

—

Electric Lighting.
Systems.

The Parts of a System. Conductors. Arrange-
ment of Lamps, Conductors and Generators.
Series of Parallel Circuits Current Regulators.

Winding of Dynamo Magnets. The Edison
System. Current Regulators of Lane-Fox,
Maxim and Brush Richardson's Electric

Governor. Switches, Cut-outs, Safety Plugs.

Systems with Accumulators. Secondary Gen-
erators. Putting up of Work.

CHAPTER X.

—

The Electric Light in its
Various Applications. Its Advan-

tages and Cost.

Street Lighting. The Illumination of Large
Areas, Covered Spaces, Manufactories, Work-
shops, Theatres, Steamships, Railway Trains,
Coal Mines. Domestic Electric Lighting.

Decorative Effect. Electric Distribution in

Towns. The Use of Accumulators. The
Cost of Electric Arc Lighting as Compared with
Gas, at the British Museum, the South
Kensington Museum. Cost of Electric

Lighting by Incandescence. Sir William
Siemens' Address to the Society of Arts. Re-
port of Mr. Conrad W. Cooke, to the Corpora-
tion of Sheffield. Tender made by the

Telegraph Construction and Maintenance
Company, to the Corporation of Nottingham.
Mr. Octavius E. Coope's Experiences. Mr.
William Crookes' Experiences. The Future
of Electric Lighting.
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The THEORY of DEFLECTIONS and of LATITUDES and DEPARTURES
With Special Application to Curvilinear Surveys for Alignments of Railway Tracks.

By ISAAC W. SMITH, C.E., Member of the American Society of Civil Engineers.

EXTRACT FROM PREFACE.
" The theory oflatitudes and departures has been long in use in plane surveying, but the theory of deflections, although

applied, to some extent, in railway surveys, has never, to my knowledge, been rtduced to a system, or even considered in

any mathematical treatise.
" The object of this work is the application of these theories to the solution of problems in^curvilinear surveys for align-

ments of railroad-tracks."

TABLE OF CONTENTS,
Preface.

Chapter I.—The nature and measurement of deflections.

Chapter II.

—

Problems.

Definitions of symbols for points, directions, lines,

and quantities.

I. To reduce minutes and seconds to decimals of a
degree.

II. Equivalent deflections.—To reduce a deflection

greater than 1 So degrees to an equivalent de-

flection less than 180 degrees.
III. Algebraic addition and substraction of deflections.

IV. Deflections from one direction to another, in terms
of their bearings from two different axes.

V. Tangential deflections, or deflections over circular
arcs connected by common tangent points or
lines.

VI. Deflections from one tangential direction to another
over two intersecting arcs.

VII. Deflections between chords of arcs with common
tangents.

VIII. Deflections between chords of intersecting arcs.
IX. To survey, by chord intersections, an alignment of

curves ; form for field-notes, etc., etc.

X. Right-angled triangles; departures and latitudes
defined^

XI. Algebraic addition and substraction of departures
and latitudes ; lengths and directions of closing
lines ; rectangular co-ordinates, or offsets from
rectangular co-ordinate axes; application to
alignments of circular curves.

XII. Right and oblique triangles
XIII. Formulae for angles and lines of circular arcs,

tangential and chord ordinates ; examples in
table I.

XIV. Approximate formulae for ordinates from tangents,
chords, and curves.

XV. Compound arcs ; examples in table II.
XVI. Intersecting curves; formulae in table III.

Solution by construction.
Examples.

XVII. Connection of curves by tangent arcs.
XVIII. Turn-outs, sidings, and crossings, ( tables IV to

IX.)
XIX. Tangential deflections by single arcs.

Case 1, article 2. By a curve through a fixed point
on one of the tangent-lines.

Case 2, article 5. By a curve starting at a given
distance from the fixed point.

Case 3, article 6. By a curve of given radius.
XX. A single curve through a point A, with a terminal

tangent through a second point B (figures 71
to 76).

Given the radius and tangential direction at A ;

required the length and position of the termin-
al tangent through B, article 2.

Given the length of the terminal tangent, and the
tangential direction at A ; required the radius
of the curve and the position of the tangent
point on the curve.

Tangential deflections over two compound arcs
with radii of minimum difference.

XXII. Tangential deflections over two arcs touching at
points of compound or reversed curvature.

XXIII. Reversed curves with equal radii, and an inter-
mediate tangent of given length; formulae in
table IX.

XXI.

XXIV. To determine the length of the line between the
centers of two located curves, and the points at
which it cuts the circumferences.

XXV. To determine the length and position of the com-
mon tangent to two located curves ; formulae in

table XII.
XX\ I. Tangential deflections over two curves, compound

or reversed, with unequal radii, and an inter-

mediate tangent of given length ; formulae in
table XII.

XXVII. Tangential deflections over two arcs, compound
or reversed. Given the angle and radius of
one curve; required the angle and radius of
the other curve, and the length and position of
the common tangent.

Chapter III.

Propositions and Demonstrations.

I. Algebraic addition and substraction of positive and
negative quantities.

II. Deflections of 360 degrees.
III. Deflections of 180 degiees between opposite direc-

tions.

IV. Algebraic addition of deflections; examples in prob-
lem III.

V. The deflection from one direction to another is

equal to the algebraic difference of their bear-
ings from any third direction or axis ; examples
in problem III.

VI. Equal also to the algebraic difference of their bear-
ings from two different axes plus the deflection
from one axis to the other ; examples in- prob-
lem IV.

VII. Equivalent deflections, differing by any whole
multiple of 360 degrees ; examples in problems
II. and III.

VIII. One equivalent deflection may be substituted for
another in any trigonometric formula.

IX. Alternate angles. AB.CD=BA.DC
X. Demonstration of problem V.

XI. Algebraic addition and substraction of parallel dis-
tances along the same straight line.

XII. Algebraic addition and substraction of distances
between parallel axes, measured in the same or
opposite directions.

XIII. Demonstration of problems X., XI., and XII.
XIV. Demonstration of problem XVI. (table III.)
XV. Demonstration of problem XVIII.
XVI. Demonstration of problems XIX to XXVII.

Tables.
I. Tangential ordinates (problem XIII. [14]).

II. Compound arcs (problem XV.)
III. Formulaefor intersecting curves (problem XVI.)
IV. Switches

; gauge, 4.708 (problem XVIII.)
V. Three-throw switches; gauge 4.708 ( problem

XVIII).
VI. Switches; gauge 3.00 (problem XVIII.)
VII. Three-throw switches

; gauge 3.00 (prob. XVIII.)
VIII. Sidings; distance between track-centers 10 feet."; f^-

1

IX. Sidings, crossings, and turn-outs for standard and
narrow gauges; approximate formula (problem)
XVIII.)

X. Formulae for compound and reversed curves (prob-
lem XXII.)

XI Reversed curves with equal radii (problem XXI11.)
XII. Reversed curves with unequal radii (problems

XXV. and XXVI )
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Treatise on Analytic Geometry" and "An Elementary Treatise on the Differential

and Integral Calculus."

PART I.

Chap.
1.—First Principles.

2.—Statics. The Composition and Reduction
of Concurring Forces.—Conditions of

Equilibrium. ^^
3.—Compositions and Resolutions of Forces

acting on a Rigid Body.

Chap.
4.—Centre of Gravity (Centre of Mass).

5 —Friction.
6.—The Principle of Virtual Velocities.

7.— Machines.
S.—The Funicular Polygon. The Catenary.

Attraction.

Chap.
1.—Rectilinear Motion.

PART II.

KINEMATICS (MOTION.)

I Chap
I 2.—Curvilinear Motion.

PAET III.-

KINETICS (MOTION AND FORCE).

Chap.
1.—Laws of Motion. Motion under the action

of a Variable Force. Motion in a resist-

ing Medium.
2.—Central Forces.

3.—Constrained Motion.
4 —Impact.

Chap.
5.—Work and Energy.
6.—Moment of Inertia.

7.—Rotatory Motion.
8.—Motion of a System of Rigid Bodies in

Space.
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MAGNETO-ELECTRIC and DYNAMO-ELECTRIC

MACHINES,
Their Construction and Practical Application to Electric

Lighting and the Transmission of Power.

By Dr. H. SCHELLEN.
TRANSLATED FROM THE THIRD GERMAN EDITION

BY

NATHANIEL ©. KEITH and PERCY NEYMANN, XMi.J}.^

VERY LARGE ADDITIONS AND NOTES RELATING TO AMERICAN
MACHINES BY

NATHANIEL S. KEITH,
Secretary of The American Institute of Electrical Engineers; and Editor of Scientific Department

of "The Electrical World."

CONTENTS.
Part I. Preliminary Physics.

The Electro-Magnet ; Actions of a Magnet on Soft Iron,

Magnetic Field, Lines of Magnetic Force ; Ampere's
Solenoid ; Reciprocal Action of Galvanic Currents on
each other ; Galvanic Induction; Dynamic Induction;
Magnetic Induction ; Movement of a Magnet towards a
ClosedWire Ring; Rotation ofan Armature over the Poles
of a Magnet ; Rotation of a Ring having a Continuous
Coil of Wire on it between the Poles of a Magnet,
Gramme Ring.

Part II. The Methods of Electric Measurements and
Measuring Instruments.

Electrical Energy ; Ayrton and Perry's Dynamometer

;

Von Hefner-Alterneck's Dynamometer ; The Brake
Dynamometer; The Kent Dynamometer ; The Bracket
Dynamometer ; Register of Rotations ; Ohm's Law and
the Units of Electrical Measurement ; Electro Dyna-
mometer made by Siemens and Halske ; The Galvan-
ometers (Ammeter and Voltmeter) of Ayrton and Perry
and Defrez ; Siemens and Halske's Torsion Galvan-
ometer; Edison's Registering Apparatus ; The Electric

Dynamometer ; Measurement of Light ; Division of

Current.

Part III. Magneto-Electric Machines.

The Magneto-Electric Machines of Pixie, Saxton and
Clarke; Stohrer's Magneto-Electric Machine; The
Magneto-Electric Machines of the Societel' Alliance
and Holmes; The Siemens Armature; Wilde's Mag-
neto-Electric Machine ; Deprez's Magneto-Electric Ma-
chine ; The De Meritens Machine.

Part IV. Dy7iamo-Electric Machines.

Siemens' Principle of Dynamo-Electric Machines and the
claims of others on that point; Siemens' Dynamo-Elec-
tric Machine ; Siemens and Halske's Dynamo-Electric
Alarm and Mine Exploder; Smith's Electric Blasting

Machine ; Ladd's Two-Armature Dynamo-Electric Ma-
chine ; Siemens and Halske's Two-Armature Dynamo-
Electric Machine; Hockhausen's Dynamo-Electric Ma-
chine for Galvanoplastic Purposes ; Weston's Dynamo-
Electric Machine for Galvanoplastic Purposes; Mohring
and Baur's Dynamo - Electric Machine ; The Brush
Light Machine; The Thompson Spherical Armature
Dynamo-Electric Machine.

Part V. Magneto-Electric and Dynamo-Electric Ma-
chines/or the Production of Continuous Currents.

Pacinnotis's Ring Machine ; The Elias Machine and that
of Worm de Romilly ; Construction of the Gramme
Armature ; The Gramme Machine ; The Gramme Ma-
chine for hand or foot; the Gramme Large Dynamo-Elec-
tric Machine for Galvanoplastic Purposes; Gramme Large
Dynamo-Electric Machines for Electric Light ; The
Fuller-Gramme Machine; Machines for the Transmis-
sion of Power by Electricity ; The McTighe Machine ;

The Edison-Gramme Machine; Deficiencies of the
Gramme Machine ; Fein's Dynamo-Electric Machine

;

Schuckert's Dynamo-Electric Machine ; The Hock-
hausen Machine; The Canallized-Ring Armature of
Heinrich's; Fitzgerald's Machine; The Gulcher Ma-
chine ; Siemens and Halske's Magneto and Dynamo
Electric Cylinder Machines, System v. Hefner-Alteneck ;.

The Siemens-Halske Small "Machines for Laboratory
Purposes ; Siemens-Halske Dynamo-Electric Machines
for Electric Illumination and Galvanic Deposition ; Sie-
mens-Halske's Dynamo-Electric Machines for Purifying
Metals ; Hockhausen and Edison's Machines for the
same uses ; The Weston Electric Light Machine ; Max-
im's Machine ; The Edison Dynamo-Electric Machines -

Tiirgensen's Machine ; Weston's Central Magnet Ma-
chines ; Weston's Stationary Armature Machines ::

Niaudet's Magneto-Electric Machine ; Wallace-Farmer
Light Machines ; Lontin's Dynamo-Electric Machine:
Burgin's Dynamo-Electric Machine ; Hefner-Alteneck
Latest Dynamo-Electric Machine; Arago Disk-Arma-
ture Dynamo.

Part VI. Later Alternating Current Machines for the
Production of Several Currents.

Lontin's Alternating Current Machines ; Gramme's Ma-
chine for Alternating Currents ; The Jablockhoff Ma-
chine for Alternating Currents : Siemens and Halske's
Alternating Current Machine; The Levett-Muller Ma-
chine ; The Lachaussee Machine ; Gordon's Alternating
Current Machine; The Ferranti-Thomson Alternating
Current Machine ; Edison's Disk Machines

; Edison's
Magnetic Electric Machines ; Hockhausen's Disk Ma-
chines ; The Elphinstone and Vincent Machine ; The
Unipolar Machine.

Part VII. Theory ofDynamo Electric Machines.
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ook of Seamanship
The Equipping and Handling of Vessels under Sail or Steam. For the Use of the U. S. Naval Academy,

By Commodore S. B. LUCE, U. S. Navy.

REVISED AND ENLARGED BY LIEUTENANT AARON WARD, U. S. NAVY. WITH ILLUSTRATIONS

drawn by Lieutenant S. SEABURY, U. S. Navy-

CONTENTS.
Chapter.

I.-

II.-

III.-

IV.-

V.-

VI.-
VII.-

VIII.-

IX.-

X.-
XI.-
XII.-

XIII.-
XIV.-
XV.-
XVI.-

XVII.-
XVIII.-
XIX.-

-The Ship, Definitions.

-The Compass, the Lead, the Log.
-Rope.
-Knotting and Splicing.

-Blocks.

-Tackles.

-Masting, the Rudder.
-Standing Rigging.

-Rigging Ship.

-Sails.

-Purchasing Weights.
-Stowage.
-Boats.

-Ground Tackle.

-Steam Capstans.

-Mooring
-Carrying Out Anchors.
-Organization.

-Duties of Midshipmen.

Chapter.
XX.
XXI.

XXII.-
XXIII.
XXIV.-
XXV.-
XXVI.-
XXVII.-

XXVIII.-
XXIX.
XXX.
XXXI.-
XXXII.
XXXIII.
XXXIV.-
XXXV.-
XXXVI.-
XXXVII. -

-Port Drills and Evolutions.

-Rules of the Road.
-Getting Under Way Under Sail.

-Making and Taking in Sail.

-Working to Windward.
-Wind Baffling.

-Heaving To.
-Reefing.

-Laws of Storms.
-In a Gale.

-Parting Rigging.
-Losing Spars.

-Shifting Sails and Spars.

-Coming to Anchor.
-Handling Fore-and-Afters.

-Handling Vessels under Steam.
-Getting on Shore, Leaking.
-The Life-Saving Service.

APPENDIX.
A.—Rope-Making, Table of Dimensions of Rope.
B.—Cutting and Fitting Block Straps.

C.—Turning in Old-Fashioned Deadeyes, Rules
for Size of Shrouds.

X).—Staying Masts by Use of Battens.

E.—Tables of Flax and Cotton Canvas.

F.—Management of Open Boats in Surf

G.—Routine, Preparing Ship for Sea.

H.—Tarring Down, Scraping Spars, Painting Ship.

I. —In a Tideway Under Sail.

K.—Tending Ship at Single Anchor, Fire Booms.
L.—Turning Experiments, Methods of Determin-

ing Tactical Diameters.
M.—Tanner Sounding Machine.
N.—Ship Papers.

O.—Service Bugle Calls. Index.

REVISER'S NOTE.
Grateful acknowledgments are due to those whose contributions to the text have enhanced

the value of this work.
Commander F. B. McNair has permitted the use of his pamphlet on Seamanship Drills.

The chapter on the Laws of Storms is taken principally from the lecture of Lieutenant-
Commander Thomas Nelson, vol. 5. Proceedings U. S. Naval Institute.

Chapter XIX. is practically a reprint of Lieutenant D. Delehanty's pamphlet: "Cadet Mid-
shipman's Manual."

Chapter XXXV. has been prepared from notes furnished by Lieutenant-Commander Z. L. Tanner,
together with data from the lectures of Constructor R." H. White, R.N., and from the professional

pamphlets of the German Admiralty on steamers and screw propulsion.

The suggestions made by boatswain Robert Anderson, U.S.N., have been of special importance.
Getting a lower yard on board, sending down a lower yard inside of rigging, rigging derricks,

and carrying out anchors between two cutters in shoal water, are described from actual work per-

formed under his direction.

To Commander Taylor, Lieutenants Berry, Nazro and Holman, U.S.N., and to many other

officers, sincere thanks are tendered for their assistance and suggestions in the revision of the proofs.

AARON WARD, Lieutenant, U. S. N.
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EXTRACT FROM PREFACE.
" The theory of latitudes and departures has been long in use in plane surveying, but the theory of deflections, although

applied, to some extent, in railway surveys, has never, to my knowledge, been reduced to a system, or even considered in

any mathematical treatise.
" The object of this work is the application of these theories to the solution of problems in'curvilinear surveys for align-

ments of railroad-tracks."
TABLE OF CONTENTS.

Preface.

Chapter I.—The nature and measurement of deflections.

Chapter II.

—

Problems.

Definitions of symbols for points, directions, lines,

and quantities.

I. To reduce minutes and seconds to decimals of a
degree.

II. Equivalent deflections.—To reduce a deflection

greater than 180 degrees to an equivalent de-

flection less than 180 degrees.

III. Algebraic addition and substraction of deflections.

IV. Deflections from one direction to another, in terms
of their bearings from two different axes.

V. Ta?igential deflections, or deflections over circular

arcs connected by common tangent points or

lines.

VI. Deflections from one tangential direction to another
over two intersecting arcs.

VII. Deflections between chords of arcs with common
tangents.

VIII. Deflections between chords of intersecting arcs.

IX. To survey, by chord intersections, an alignment of
curves ; form for field-notes, etc., etc.

X. Right-angled triangles; departures and latitudes

defined.

XI. Algebraic addition and substraction of departures
and latitudes ; lengths and directions of closing
lines ; rectangular co-ordinates, or offsets from
rectangular co-ordinate axes ; application to

alignments of circular curves.
XII. Right and oblique triangles

XIII. Formulae for angles and lines of circular arcs,

tangential and chord ordinates ; examples in

table I.

XIV. Approximate formulae for ordinates from tangents,
chords, and curves.

XV. Compound arcs ; examples in table II.

XVI. Intersecting curves ; formulae in table III.

Solution by construction.
Examples.

XVII. Connection of curves by tangent arcs.

XVIII. Turn-outs, sidings, and crossings, ( tables IV. to

IX.)
XIX. Tangential deflections by single arcs.

Case 1, article 2. By a curve through a fixed point
on one of the tangent-lines.

Case 2, article 5. By a curve starting at a given
distance from the fixed point.

Case 3, article 6. By a curve of given radius.
XX. A 6ingle curve through a point A, with a terminal

tangent through a second point B (figures 71
to 76).

Given the radius and tangential direction at A ;

required the length and position of the termin-
al tangent through B, article 2.

Given the length of the terminal tangent, and the
tangential direction at A ; required the radius
of the curve and the position of the tangent
point on the curve.

XXI. Tangential deflections over two compound arcs
with radii of minimum difference.

XXII. Tangential deflections over two arcs touching at
points of compound or reversed curvature.

XXIII. Reversed curves with equal radii, and an inter-

mediate tangent of given length; formulae in

table IX.

XXIV. To determine the length of the line between the
centers of two located curves, and the points at
which it cuts the circumferences.

XXV. To determine the length and position of the com-
mon tangent to two located curves ; formulae in.

table XII.
XXVI. Tangential deflections over two curves, compound

or reversed, with unequal radii, and an inter-

mediate tangent of given length; formulae in

table XII.
XXVII. Tangential deflections over two arcs, compound

or reversed. Given the angle and radius or
one curve; required the angle and radius of
the other curve, and the length and position of
the common tangent.

Chapter III.

Propositions and Demonstrations.

I. Algebraic addition and substraction of positive and
negative quantities.

II. Deflections of 360 degrees.
III. Deflections of 180 degrees between opposite direc-

tions.

IV. Algebraic addition of deflections; examples in prob-
lem III.

V. The deflection from one direction to another is

equal to the algebraic difference of their bear-
ings from any third direction or axis ; examples
in problem III.

VI. Equal also to the algebraic difference of their bear-
ings from two different axes plus the deflection
from one axis to the other; examples in prob-
lem IV.

VII. Equivalent deflections, differing by any whole
multiple of 360 degrees ; examples in problems-
II. and III.

VIII. One equivalent deflection may be substituted for
another in any trigonometric formula.

IX. Alternate angles. AB.CD= BA.DC.
X. Demonstration of problem V.

XI. Algebraic addition and substraction of parallel dis-

tances along the same straight line.

XII. Algebraic addition and substraction of distances
between parallel axes, measured in the same or
opposite directions.

XIII. Demonstration of problems X., XI., and XII.
XIV. Demonstration of problem XVI. (table III.)

XV. Demonstration of problem XVIII.
XVI. Demonstration of problems XIX to XXVII.

Tables.
I. Tangential ordinates (problem XIII. [14]).

II. Compound arcs (problem XV.)
III. Formulae for intersecting curves (problem XVI.)
IV. Switches ; gauge, 4.708 (problem XVIII.)
V. Three-throw switches; gauge 4.708 ( problem

XVIII).
VI. Switches; gauge 3.00 (problem XVIII.)
VII. Three-throw switches

; gauge 3.00 (prob. XVIII.)
VIII. Sidings; distance between track-centers 10 feet.

IX. Sidings, crossings, and turn-outs for standard and
narrow gauges; approximate formula (problem)
XVIII.)

X. Formulae for compound and reversed curves (prob-
lem XXII.)

XI. Reversed curves with equal radii (problem XXI11.)
XII. Reversed curves with unequal radii ( problems

XXV. and XXVI.)
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Magnetic Field, Lines of Magnetic Force ; Ampere's
Solenoid ; Reciprocal Action of Galvanic Currents on
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Magnetic Induction ; Movement of a Magnet towards a

ClosedWire Ring; Rotation ofan Armature over the Poles

of a Magnet ; Rotation of a Ring having a Continuous
Coil of Wire on it between the Poles of a Magnet,
Gramme Ring.

Part II. The Methods of Electric Measurements and
Measuring Instruments.

Electrical Energy ; Ayrton and Perry's Dynamometer;
Von Hefner-Alterneck's Dynamometer ; The Brake
Dynamometer ; The Kent Dynamometer ; The Bracket
Dynamometer; Register of Rotations ; Ohm's Law and
the Units of Electrical Measurement ; Electro Dyna-
mometer made by Siemens and Halske ; The Galvan-
ometers (Ammeter and Voltmeter) of Ayrton and Perry
and Defrez ; Siemens and Halske's Torsion Galvan-
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Dynamometer; Measurement of Light; Division of

Current.
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The THEORY of DEFLECTIONS and of LATITUDES and DEPARTURES,
With Special Application to Curvilinear Surveys for Alignments of Railway Tracks.

By ISAAC W. SMITH, C.E., Member of the American Society of CiTil Engineers.

EXTRACT FROM PREFACE.
" The theory of latitudes and departures has been long in use in plane surveying, but the theory of deflections, although

applied, to some extent, in railway surveys, has never, to my knowledge, been reduced to a system, or even considered in

any mathematical treatise.
" The object of this work is the application of these theories to the solution of problems in^curvilinear surveys for align-

ments of railroad-tracks."

TABLE OF CONTENTS.
Preface.

Chapter I.—The nature and measurement of deflections.

Chapter II.

—

Problefns.

Definitions of symbols for points, directions, lines,

and quantities.

I. To reduce minutes and seconds to decimals of a
degree.

II. Equivalent deflections.—To reduce a deflection

greater than 180 degrees to an equivalent de-
flection less than 180 degrees

III. Algebraic addition and substraction of deflections.

IV. Deflections from one direction to another, in terms
of their bearings from two different axes.

V. Tangential deflection*, or deflections over circular
arcs connected by common tangent points or
lines.

VI. Deflections from one tangential direction to another
over two intersecting arcs.

VII. Deflections between chords of arcs with common
tangents.

VIII. Deflections between chords of intersecting arcs,

IX. To survey, by chord intersections, an alignment of
curves ; form for field-notes, etc., etc.

X. Right-angled triangles; departures and latitudes

defined.
XI. Algebraic addition and substraction of departures

and latitudes ; lengths and directions of closing
lines ; rectangular co-ordinates, or offsets from
rectangular co-ordinate axes ; application to

alignments of circular curves.
XII. Right and oblique triangles

XIII. Formulae for angles and lines of circular arcs,
tangential and chord ordinates ; examples in

table I

XIV. Approximate formulae for ordinates from tangents,
chords, and curves.

XV. Compound arcs; examples in table II.

XVI. Intersecting curves ; formulae in table III.
Solution by construction.
Examples.

XVII. Connection of curves by tangent arcs.
XVIII. Turn-outs, sidings, and crossings, ( tables IV. to

IX.)
XIX. Tangential deflections by single arcs.

Case 1. article 2. By a curve through a fixed point
on one of the tangent-lines.

Case 2, article 5. By a curve starting at a given
distance from the fixed point.

Case 3, article 6. By a curve of given radius.
XX. A single curve through a point A, with a terminal

tangent through a second point B (figures 71
to 76).

Given the radius and tangential direction at A ;

required the length and position of the termin-
al tangent through B, article 2.

Given the length of the terminal tangent, and the
tangential direction at A ; required the radius
of the curve and the position of the tangent
point on the curve.

XXI. Tangential deflections over two compound arcs
with radii of minimum difference.

XXII. Tangential deflections over two arcs touching at
points of compound or reversed curvature.

XXIII. Reversed curves with equal radii, and an inter-
mediate tangent of given length ; formulae in

table IX.

XXIV. To determine the length of the line between the
centers of two located curves, and the points at
which it cuts the circumferences.

XXV. To determine the length and position of the com-
mon tangent to two located curves ; formulae in

table XII.
XXVI. Tangential deflections over two curves, compound

or reversed, with unequal radii, and an inter-

mediate tangent of given length ; formulae in
table XII.

XXVII. Tangential deflections over two arcs, compound
or reversed, (.iven the angle and radius of
one curve; required the angle and radius of
the other curve, and the length and position of
the common tangent.

Chapter III.

Propositions and Demonstrations.

I. Algebraic addition and substraction of positive and
negative quantities.

II. Deflections of 360 degrees.
III. Deflections of 180 degiees between opposite direc-

tions.

IV. Algebraic addition of deflections; examples in prob-
lem III.

V. The deflection from one direction to another is

equal to the algebraic difference of their bear-
ings from any third direction or axis ; examples
in problem III.

VJ. Equal also to the algebraic difference of their bear-
ings from two different axes plus the deflection
from one axis to the other; examples in prob-
lem IV.

VII. Equivalent deflections, differing by any whole
multiple of 360 degrees ; examples in problems
II. and III.

VIII. One equivalent deflection may be substituted for

another in any trigonometric formula.
IX. Alternate angles. AB.CD= BA.DC.
X. Demonstration of problem V.
XI. Algebraic addition and substraction of parallel dis-

tances along the same straight line.

XII. Algebraic addition and substraction of distances
between parallel axes, measured in the same or
opposite directions.

XIII. Demonstration of problems X., XI., and XII.
XIV. Demonstration of problem XVI. (table III.)

XV. Demonstration of problem XVIII.
XVI. Demonstration of problems XIX to XXVII.

Tables.
I. Tangential ordinates (problem XIII. [14]).

II. Compound arcs (problem XV.)
III. Formulaefor intersecting curves (problem XVI.)
IV. Switches ; gauge, 4.708 (problem XVIII.)
V. Three-throw switches; gauge 4. 70S (problem

XVIII).
VI. Switches; gauge 3.00 (problem XVIII.)
VII. Three-throw switches ; gauge 3.00 (prob. XVIII.)
VIII. Sidings; distance between track-centers 10 feet.

IX. Sidings, crossings, and turn-outs for standard and
narrow gauges; approximate formula (problem)
XVIII.)

X. Formulae for compound and reversed curves (prob-
lem XXII.)

XI Reversed curves with equal radii (problem XXI11.)
XII. Reversed curves with unequal radii (problems

XXV. and XXVI)
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omy, physiology, psychology, botany, zoology, paleontology, geol-
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8. A Treatise on the Compound Engine. By John Turnbull. Illustrated,

9. Fuel. By C. William Siemens, and the value of Artificial Fuels, by John Wormold, C. E.
10. Compound Engines. From the French of A. Mallet. Illustrated.

11. Theory of Arches. By Prof. W. Allan. Illustrated.

12. A Practical Theory of Voussoir Arches. By VVm. Cain, C. E. illustrated.

13. A Practical Treatise on the Gases met with in Coal Mines. By the late J. J, Atkinson.

14. Friction of Air 111 Mines. By T. J. Atkinson.

15. Skew Arches. By Prof. E. Hyde, C. E. Illustrated.

16. A Graphic Method of Solving Certain Algebraic Equations. By Prof. Geo. L. Vose. Ilhist.

17. Wrater and Water Supply. By Prof. W. H. Corfield.

18. Sewerage and Sewage Utilization. By Prof. W. PI. Corfield.

19. Strength of Beams under Transverse Loads. By Prof. W. H. Allan. Illustrated.

20. Bridge and Tunnel Centers. By John B. McMaster, C. E. Illustrated.

21. Safety Valves. By Richard H. Buel, C. E, Illustrated.

22. High Masonry Dams. By John B. McMaster. C. E. Illustrated.

23. Tne Fatieue of Metals under repeated Strains, From the German ot Prof. Spangenburgh
24. A Practical Treatise on the Teeth of Wheels. By Prof. S. W. Robinson.

25. On the Theory and Calculation of Continuous Bridges. By "Mansfield Merriman, Ph. D.
26. Practical Treatise on the Properties of Continuous Bridges. By Charles Bender, C. E.

27. On Boiler Incrustation and Corrosion. By F. J. Rowan.
28. Transmission of Power by Wire Ropes. By Albert W. Stahl, U. S.N. Illustrated.

29. Steam Injectors : Translated from the French of M. Leon Pochet.

30. Terrestrial Magnetism and the Magnetism of Iron Vessels. By Prof. Fairman Rogers.

31. The Sanitary Condition of Dwelling Houses in Town and Country. By Geo. E. Waring, Jr

32. Cable Making of Suspension Bridges. By W Hildebrand, C. E. With Illustrations.

33 Mechanics of Ventilation. By Geo, W. Rafter, C. E.

34. Foundations. By Prof. Jules Gaudard, C. E. Translated from the French.

35. The Aneroid Barometer: Its Construction and Use. Compiled by Geo. W. Plympto;,.

36. Matter and Motion. By J. Clerk Maxwell, M. A.

37. Geographical Surveying. Its Uses, Methods and Results. By Frank De \eaux Carpenter, C.E,
38. Maximum Stresses in Framed Bridges. By Prof. Wm, Cain, A. M. , C. E. Illustrated.

39. A Hand Book of the Electro-Magnetic Telegraph. By A. E. Loring. Illustrated,

40. Transmission of Power by Compressed Air. By Robert Zahner, M. E. Illustrated.

41. Strength of Materials. By William Kent, C. E. Illustrated.

42. Voussoir Arches Applied to Stone Bridges, Tunnels, Culverts and Domes. By Prof. Wm. Cairn

43. Wave and Vortex Motion. By Dr. Thomas Craig, of Johns Hopkins University

44. Turbine Wheels. By Prof. W. P. Trowbridge, Columbia College. Illustrated.

45. Thermodynamics. By Prof. H. T. Eddy, University of Cincinnati.

46. Ice-Making Machines. From the French of M. Le Doux. Illustrated

47. Linkages ; the Different Forms and Uses of Articulated Links. By J. D. C. De Roos.

48. Theory of Solid and Braced Arches. By Wm. Cain, C.E.

49. On the Motion of a Solid in a Fluid. By Thomas Craig, Ph.D.

50. Dwelling Houses: their Sanitary Construction and Arrangements. By Prof. W. H. Corfield.

51. The Telescope : Its Construction, &c. By Thomas Nolan.

52. Imaginary Quantities: Translated from the French of M. Argand, By Prof. Hardy,

53. Induction Coils : How Made and How Used.

54. Kinematics of Machinery. By Prof. Kennedy. With an introduction by Prof. R. H. Thurston.

55. Sewer Gases : Their Nature and Origin. By A ' De Varona.

56. The Actual Lateral Pressure of Earthwork. By Benj. Baker, M. Inst. C.E.

57. Incandescent Electric Lights. By Compte Th. Du Moncel and Wm. Henry Preece.

58. The Ventilation of Coal Mines. By W Fairley, M.E., F S.S,

59. Railroad Economics; or Notes, with Comments. By S. W Robinson, C. E.

60. Strength of Wrought Iron Bridge Members. By S. W Robinson, C. E.
61. Potable Water and the different methods of detecting impurities. By Chas. W. Folkard..

62. The Theory of the Gas Engine. By Dugald Clerk.

63. House Drainage and Sanitary Plumbing. By W. P. Gerhard.

64. Electro-Magnets : Their Construction. By Th. du Moncel.

65. Pocket Logarithms to Four Places of Decimals.
66 Dynamo-Electric Machinery. By Silvanus P. Thompson.
67. Hydraulic Tables. By P. J. Flynn.
68. Steam Heating;. By Robert Briggs, M. Inst. C. E.

69. Chemical Problems. By Prof. Foye.
70. Explosive Materials. By M. P. E. Berthelot.

71. Dynamic Electricity. By Hopkinson, Shoolbred, and Day.
72. Topographical Surveying. By Specht, Hardy, McMaster, and Walling
73. Symbolic Algebra. By Prof. Wm. Cain, C. E.

74. Testing Machines, their Construction and Use. By Arthur V. Abbott.
75. Recent Progress in Dynamo-Electric Machines. By Prof. S. P. Thompson.
76. Modern Reproductive Graphic Processes. By Jas. S. Pettit.

77. Stadia Surveying. By Arthur Winslow.
78. The Steam Engine Indicator and Its Use. By Wm. B. Le Van.
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BOWSER'S ANALYTIC GEOMETRY.
i2tno Cloth. $1.75.

An Elementary Treatise on Analytic Geometry,
embracing Plane Geometry, and an Introduction to
Geometry of Three Dimensions. By Edward A.
Bowser, Professor of Mathematics and Engineering
in Kutger's College, New Brunswick, N.J.

BOWSER'S CALCULUS.
i2mo. Cloth. $2.25.

An Elementary Treatise on the Differential and
Integral Calculus. With numerous Examples By
Edward A. Bowser, Author of Treatise on Analytic
Geometty.

MINIFIE'S MECHANICAL DRAWING.
Ninth Edition. Royal 8vo. Cloth. $4.00.

A Text-Buok of Geometrical Drawing, for the use of
Mechanics and Schools. With illustrations for Draw-
ing Plans, Sections, and Elevations of Buildings and
Machinery; an Introduction to Isometrical Drawing,
and an Essay on Linear Perspective and Shadows.
With over 200 diagrams on steel. By William Min-
ifie. Architect. With an Appendix on the Theory and
Application of Colors.

MINIFIE'S GEOMETRICAL DRAWING.
New Edition. Enlarged. 12010. Cloth. $2.00.

Geometrical Drawing. Abridged from the octavo
edition, for the use of Schools. Illustrated with 48

steel plates.

ELIOT AND STOKER'S QUALITATIVE
CHEMICAL ANALYSIS.

New Edition. Revised. 12U10. Illustrated. Cloth
A Compendious Manual or 1

Analysis. By Charles W. Eliot ami Prank 1!.

Storeu. Revised, with the co-operation of the Au-
thors, by William Ripley Nichols, ,Profes
Chemistry in the Massachusetts Institute <,i 'I

°fry-

RAMMELSBERG'S CHEMICAL ANALYSIS.
8vo. Cloth. $2.25.

Guide to a Course of Quantitative Chemical Analy-
sis, especially of Minerals and Furnace Products.
Illustrated by Examples. Bv C. F. Ra.mmelseerg.
Translated by J. Towler, M.D.

ATTWOOD'S PRACTICAL BLOW-PIPE
ASSAYING.

i2mo. Cloth. Illustrated. $2.00.

EXPERIMENTAL ORGANIC CHEMISTRY.
For Students. By II. Chapman Jones. i6mo. Cloth. $1 00.

PRESCOTT'S PROXIMATE
ANALYSIS

ORGANIC

COFFIN'S NAVIGATION.
Fifth Edition, nmo. Cloth. $3.50.

Navigation and Nautical Astronomy. Prepared for

the use of the U. S. Naval Academy. By J. H. C.
Coffin', Professor of Astronomy, Navigation and Sur-
veying; with 52 wood-cut illustrations.

WEISBACH'S MECHANICS.
Fourth Edition, Revised. 8vo. Cloth. $10.00.

A .Manual of Theoretical Mechanics. By Julius
Weisbach, Ph. D. Translated from the fourth aug-
mented and improved German edition, with an intro-.

duction to the Calculus, by Eckley B. Coxe, A. M.,
Mining Engineer. noo pages and 902 wood-cut
illustrations.

PLATTNER'S BLOW-PIPE ANALYSIS.
Third Edition. Revised. 568 pages. 8vo. Cloth. $5.00.

Plattner's Manual of Qualitative and Quantitative
Analysis with the Blow-Pipe. From the last Ger-
man edition, revised and enlarged. By Prof. Th. Rich-
ter, of the Royal Saxon Mining Academy. Translat-
ed by Professor H. B.Cornwall; assisted by John
H. Caswell. WT

ith eighty-seven wood-cuts and Litho-
graphic Plate.

PLYMPTON'S BLOW-PIPE ANALYSIS.
iamo. Cloth. $1.50.

The Blow-Pipe- A Guide to its Use in the Determina-
tion of Salts and Minerals. Compiled from various
sources, by George W. Plympton, C.E., A.M., Pro-
fessor of Physical Science in the Polytechnic Institute,

Brooklyn, N. Y.

PYNCHON'S CHEMICAL PHYSICS.
New Edition. Revised and enlarged. Crown 8vo. Cloth.

$3.00.

Introduction to Chemical Physics: Designed for the
Use of Academies, Colleges, and High Schools. Illus-

trated with numerous engravings, and containing copi-
ous experiments, with directions for preparing them.
By Thomas Ruggles Pynchon, M.A., President of
Trinity College, Hartford.

121110. Cloth. $1.75.

Outlines of Proximate Organic Analysis, for the
Identification, Separation, and Quantitative Determin-
ation of the more commonly occurring Organic Com-
pounds. By Albert B. Prescott, Professor of Or-
ganic and Applied Chemistry in the University of
Michigan.

DOUGLAS' & PRESCOTT'S QUALITATIVE
CHEMICAL ANALYSIS.

A Guide in the Practical Study of Chemistry and in the
Work of Analysis. By Silas H. Douglas, M. A., and
Albert B. Prescott, M.D. Third Edition. Wholly
Revised. With a Study of Oxidization and Reduction,
By Otis Coe Johnson, M.A. Svo. Cloth. §3.50.

MOTT'S CHEMISTS' MANUAL.
8vo. 650 pages. Cloth. §6.00.

A Practical Treatise on Chemistry (Qualitative and
Quantitative Analysis), Stoichiometry. Blow-pipe
Analysis, Mineralogy, Assaying, Pharmaceutical Pre-
parations, Human Secretions, Specific Gravities,
Weights and Measures, etc., etc.. By Henry A Mott
Jr., E. M.. Ph.D.

BEILSTEIN'S CHEMICAL ANALYSIS.
i2mo. Cloth. 75c.

An Introduction to Qualitative Chemical Analysis.
By F. Beilstein. Third edition, translated by I. J.
OSBUN.

CALDWELL & BRENEMAN'S CHEMIC\L
PRACTICE.

Svo. Cloth. iSS pages. Illustrated. New and Enlarged
edition. $1.50.

Manual of Introductory Chemical Practice, for the
Use of Students in Colleges and Normal and High
Schools. By Prof. Geo. C.Caldwell and A. A. Brene-
man, of Cornell University. Second edition, revised
and corrected.

PRESCOTT'S QUALITATIVE CHEMISTRY
i2mo. Cloth. $1.50.

First Book in Qualitative Chemistry. By Albert B
Prescott, Prof, in Univ. of Michigan.

D. VAN NOSTRAND, Publisher,
23 Murray and 27 Warren Streets, New York.

*** Copies sent bv mail, post-paid, on receipt of price.



VAN NOSTRAND'S

Engineering Magazine,
COMMENCED JANUARY, 1869.

31 Volumes, 8vo, cloth, $75; half morocco, $115.

SUBSCRIPTION PRICE, $5.00 PER ANNUM

Contains matter selected from foreign professional serials, and, to

a very considerable extent as well, of original papers from many able

writers. The reason why such a magazine was introduced was, that the

great body of both Civil and Mechanical Engineers can rarely afford to

take the time to digest the whole volume of professional literature. Ex-

cellent and indispensable as are the few serials so widely circulated,

each in its own department, they do not largely embrace other depart-

ments, and they deal too exclusively in articles of a specific character

to be thoroughly read ; they are rather consulted for special informa-

tion and filed for reference. This journal was therefore established to

meet a want in the higher branches of engineering literature, which the

Publisher believed to exist.

Single Copies of any Number, 50 Cents.

UJfir
3
Cloth covers for any volume, elegantly stamped in gilt, will be

furnished by the publisher for fifty cents each.

If the back numbers be sent, the volumes will be bound neatly in

black cloth and lettered, for seventy-five cents each. The expense of

carriage must be borne by the subscriber.

Notice to Clubs.—An extra copy will be supplied gratis to every

Club of Five Subscribers, at $5.00 each, sent in one remittance.

D. VAN NOSTRAND, Publisher,

„*„, Copies sent by mail on receipt ofprice. 23 Murray & 27 Warren Sts.
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